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EXTERNAL SYMBOL ODICTIONARY PAGE 1
SYMBOL TYPE ID ADDR LENGTH LD ID 12.06 9/17/710

SURRTNO1 SD 01 UCGO00 GCOOF8
EXPONENT ER (€2
EXPONENT SD C3 CGOOF8 00008BC




Loc

000020
co0acoc
00GOCF
0000090
003001
003502
£00C02?2
000204
000005
000006
000007
00000A
000008
00000C
00090
00000F
00000F

SUBROUTINE WGRK PRQJECT NUMBER ONE.

OBJECT CODE ADDR1 ADDR2 STMT

VoOo~NOWMHWN

10
11
12
13
14
15
16
17
18

20
21
22
23

SOURCE STATEMENT FO8APRTO
SUBRTNOL CSECT

RBASE EQU 12 BASE REGISTER FOR THE PROGRAM.
RX EQU 15 ANY SCRATCH REGISTER.-

RO EQU 0

R1 EQU 1

R2 EQU 2

R3 EQU 3

R4 EQU 4

RS EQU 5

R6 EQU 6

R7 EQU 7

R10 EQU 10

R11 EQU 1L

R12 EQU 12

R13 EQU 13

R14 EQU 14

R15 EQU 15

* AR RERRERERERR R ERRERRR R KRR R X xR
% * SUBROUTINE USAGE WORK PROJECT 1. *
%* * - %
* e e e e e 3 e e e e e e e e Xk 3k e e ol e e e o o o e e XE g NN o Kk

e e e e e e sfe o e e e e e Ao e e e 3 e e e e e e e e ok o e ol sk e o e e o B e s e e o e ool e ok ek el e ok R ok Rk R o ok kR

*
*
*
*
*
%*
*
*
*
%*
*
*
*
*
*
*
*
*
*
*
*
*
%
*
*

THIS PROGRAM IS BEING 'CALLED' BY A HIGHER PROGRAM, WHICH I
WILL CALL 'BIGBRTHR'y ANDy SINCE THIS IS A 'CALLED®' PROGRAM,

IT HAS CERTAIN RESPONSIBILITIES TO IT*S *CALLER' ('BIGBRTHR').,

FOR EXAMPLE, WE ARE GOING TO HAVE TO RETURN TO HIS PROGRAM.
WHEN WE ARE FINISHED EXECUTING, AND MUST THEREFORE SAVE HIS
REGISTERS SO THAT WE MAY GIVE THEM BACK TO HIM UPON RETURN.

CONVENTIONS SAY THAT OUR *CALLER®' ('*BIGBRTHR®) MUST SEND US
THE ADDRESS OF A SAVE AREA IN REGISTER 13 WHEN HE BRANCHES
TO OUR PROGRAM, AND THAT WE MUST SAVE HIS REGISTERS IN THE
4TH THROUGH 18TH WORDS OF THAT AREAy STARTING WITH REGISTER
14 IN THE 4TH WORD, AND ENDING WITH REGISTER 12 IN THE 18TH
WORD OF THAT AREA.

ek kkRkkkiokickxhkk QUESTION 8.1 etk sk ook o oo 3ok oo ok 3ol fok fog ok

WRITE THE INSTRUCTION(S) NECESSARY TO SAVE *'BIGBRTHR'S
REGISTERSy ACCORDING TO CONVENTIONS.

St e ek o s ok ok o ok e et ook i ek e ook ook o sk e st e o ek o B o e et e sl ok ke o e e e o e ok o e ek ek ok ok

A\

e 3 e e ok e ok e o 3 ek s Aok ool o g ok ek 3k ek o ok 3k ok e o i ko e el e e o e e A 3 ol e 3R 3 3l o 3 3k R 3 K R R RO
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000002C0
000600300
00000400
00000509
G0000600
0000C700
00000830
00C0C900
00001300
00001130
00C0120GC
0000130¢C
00001400
00061500
0001600
00C0oL1700
00001820

000G2000
00002100
000022900
00002300

00002500
00002600
00002700
00002800
00002900
000G3000
00003100
00003200
00003300
00003400
00003500
00003600
00003700
00003800
00003900
00004000
00004100
00004200
00004300
0000440C
00004500
00004600
G00047C0
00004800
00004900
Q00C5C00



SUBROUTINE WGORK PROJECT NUMBER ONE. PAGE 2

LOC O0OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FOBAPRTO 9/17770
B2 ®eeaossonssososossccssesssssososcssssscssscsesscsosscsescsccsssasscsncscsccscssse OD0CUS5200
53 * 00005300
54 * ANSWER 8.1 . 000C5400
55 * 000055020
56 * THE BEST ANSWER IS THIS: 000056CC
57 * 0G2057CG

0C00D0 90EC DGOC ocooocC 58 STM R144.R12412(R13) SAVE 'BIGBRTHR'S REGISTERS. 000C58C?
59 * 00Ccg590¢C
60 * BUT ANY INSTRUCTION OR CCMBINATION OF INSTRUCTIONS THAT GIVE 00006000
61 * THE FOLLOWING RESULT, WOULD BE CORRECT. 06006170
62 * 60006200
63 * REG 13 ---> SAVE AREA PASSED BY 'BIGBRTHR'. 00CC630C
64 * tm——————— + 0000640CC
65 * +3 | | THE SAME RESULTS COULD BE GAINED 00006500
66 * Fmmmm————t BY USING: 00CG66CO
67 * | 1 C0006700C
68 * b ————— + ST R14412(R13) 000C6800
69 * | i ST R15,16(R13) 00006900
70 * o ——— + ST RO420(R13) ooceroco
71 * +12 | REG.14 | ST R1424(R13) 00007100
72 * b ————t : ETC. ETC. ETCewo 00CCT200
73 * +16 | REG.15 | 000C7390
T4 * tm—————— + BUT IT IS CONSIDERABLY LESS 00007400
75 * +20 | REG.O | - . EFFICIENT THAN THE STORE 00G07500
76 % b —— MULTIPLE INSTRUCTION. 000CT60C
77 * 1110000 )) PR S 00007700
78 * ool B o 00C078G0
79 * b ———— el 00007900
80 * +68 | REG.12 | 00008000
81 * . tm—————— 000081CO
82 * 000082CC
83 *

P « Lo ToT- Yo

85 ok et sk ke o g sk sk o 3 ok e skt sl s e s ok ks e sk ook etk okok kol ok Seokdolok ook ok ok ook ok kokokkokokk 00008500

86 * 00008600
87 * NOWy SINCE WE ARE GOING TO USE SYMBOLIC NAMES IN THIS PROGRAM, 00008700
88 * WE NEED TO ESTABLISH ADDRESSIBILITY TU THESE NAMES FOR THE 000088070
89 * ASSEMBLER PROGRAM, SO THAT IT MAY CONVERT THEM YO BASE AND 00CC8900
90 * DISPLACEMENT VALUES. 000C90Ce
91 * 00009100
92 addoRsoR IR Rk R Rk R RR QUESTION 8.2 skssoifdokidaiikkkkkxkiokdorsersdx 00009200
93 * 000C9390
94 * WRITE THE INSTRUCTION(S) NECESSARY TO SET UP A BASE REGISTER 00009400
95 * AND ESTABLISH ADDRESSABILITY FOR THE ASSEMBLER. G0C09500
96 * 000096C0
QF sttt ook ok ok sk Kool ok ok e ok ok ok sk ok ook R kK oK ok ok ok ok ok slolok Rk Rk Rk 00009700
G8 = 000C98G0
99 * ] : 00009900
100 stk dok s kR kR ok RO R R R R o ok R Rk kR Rk ok sk R ok ootk ook R Rk kokk Rk 00010000




Loc

000004
Cccaecoe

C03006
000008

OBJECT CODE ADDR1 ADDR2

SUBROUTINE WORK PROJECT NUMBER ONE.

STMT

102
103
104
105
106
107
108
109
110
111
112
113
114
115
116

118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

SOURCE STATEMENT
ANSWER 8.2

THERE ARE ANY NUMBER OF WAYS TO ACCOMPLISH THIS,
THAT I PREFER TO USE IS:

BUT THE ONE

# 3 36 ¥ 3 3 3

PUT THE ADDRESS OF
TELL THE ASSEMBLER WHAT ADDRESS AND
WHAT REGISTER TO USE FOR SYMBOLIC
NAME ADDRESSING.

IN BASEREG

3#* 3

YOU COULD ALSO USE THIS METHOD.
USING SUBRTNO1+8,RBASE

Heooeesosessesossseoasessesassssossesecsessecscsssscsassssssscosssosssacsccns

S e i e e e 3 ok kR e 3k 3 A N 3R 3k ek 33k e ek ok kR ke i e e e s ol S ok e 3K F0 X0 3R 5 R ok ok sk OROR Sl 3k SRR R ook ok ok

SINCE WE ARE GCING TO BECOME A
SUBROUTINE,
A PLACE FOR IT TO SAVE OUR REGISTERS,
WE MUST REMEMBER WHERE THE SAVE AREA PASSED BY
CONVENTIONS SAY THAT WE SHOULD CHAIN SAVE AREAS
AS IN THE FOLLOWING DIAGRAM:

PROGRAM WHEN
WE MUST PROVIDE IT WITH
AT THE SAME TIME,

WE USE THE
IS LOCATED.

SAVE AREA IN QUR SAVE AREA ('SAVEAREA')

ek e ek e sk sk dolorkok ok QUESTION 843 ddkosiosesiosksk ek e 3ok sk ok 30 3ok %3k oo o o o X o e 3k e deie ksl

WRITE THE CODE TQO ACCOMPLISH THIS, USING THE NAME 'SAVEAREA'
FOR OUR SAVE AREA. ) —_

St st ok ool oo ol ook R o R o e ol s ol ok o oo 0l o o o R e o o s o R o e o s e e Rl ok el K

36036 36 36 b 3 3 3 3 38 36 36 3F 3 3 b 36 3 36 3E 3 36 36 36 3t 3 3t 3 3% b 3

s e e e e e o il e ol e ok ok ok ok R o oK R SRRk R R SRR R R e o AR Ok ok R R R R o ok Kk oK sk R oK
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06010200
00010300
00C1C400
000105¢C0
00010600
00010700
C0010800
00010900
00011000
00C11100
00011290
00011335¢C
000114CC
00011500
00C1160C0

0CC11800
00011900
00012000
000121060
00012200
00012300
00012400
00012500
00012600
c0012700
00012800
00012900
000132C0C
00013100
00013200
00013300
00013400
00013500
00013600
00013700
c00138CC
€¢Qol3ece
0C014C0D
000141C2
00C142C0
G0014350
000144(CC
00C145G0
060146C0
00C1470C
00014800
00014900
0C015C00




SUBROUTINE WORK PROJECT NUMBER ONE. PAGE 4

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FOBAPRTO 9/17/70
152 ¥oeeeeoeesososcsssesscsansscsasscccsssesnsscssessoscnscsscnsssscscssssscsscsesses 00015200

153 % C0015300

154 * ANSWER 8.3 000154G0

155 * 0001550C

156 * YOUR CODE SHOULD LOOK SOMETHING LIKE THE FOLLOWING : 00015600

157 * 00015700

000008 41F0 CC9C 000A4 158 LA RXy SAVEAREA ADDRESS 0OF OUR SAVE AREA. 00015800
00000C 50D0 COAOQ 000A8 159 ST R1343SAVEAREA+4 SAVE 'SIGBRTHR®'S SAVE AREA ADDRESS. 00015900
C0001C 50FD 0OCC8 00008 160 ST RX48(R13) CHAIN OUR SAVE AREA TO 'BIGBRTHR'S 00016000
000014 18DF 161 LR R13,RX MAKE OUR SAVE AREA THE ACTIVE ONE. 00016100
000016 47F0O CC58 00060 162 B MAINLINE SKIP ARQUND COMNSTANTS. 0C016200

163 Heeoeseoscoosscesossesasceososssoessoansncassscsossscscssssssscscssssscsssessese 00016300

165 skt stk ek et st s el o e 3o s s st s o sl e o o e e e e s ootk ok R ok ok ko Rokk Rk 00016500

166 * . 00016600
N 167 * THIS PROGRAM USES A SUBROUTINE WHICH WILL RAISE AN INTEGER 0C016700
168 * VALUE TO A POWER REPRESENTED BY ANOTHER INTEGER . 00016800
169 * 00016900
170 * FOR EXAMPLE, THE SUBROUTINE MAY BE USED TO RAISE 3 TO THE 00017000
171 * 4TH POWER., THREE RAISED TO THE FOURTH POWER MEANS THAT 3 IS 00017100
172 * USED AS A FACTOR 4 TIMES. [.E. 3 X 3 X 3 X 3 = 3 T0 THE 4TH. 00017200
173 * 00017300
174 % +++++++++ READ THE PROLOGUE FOR THE EXPONENT SUBROUTINE NOW. 00017400
175 * IT MAY BE FOUND ON PAGE 1C OF THIS ASSEMBLY LISTING. +++++++ C0017500
176 * C0017600
177 * ['LL BE WAITING HERE FOR YOU TO GET BACKeseosow Qoo17700
178 * 00017800
179 * USING THE INFORMATICN SUPPLIED IN THE PROLOGUE, WE ARE GOING 00017900
180 = TO SET UP THE PARAMETERS AND LINKAGE NECESSARY TO USE THE 00018000
181 * ROUTINE. 00018100
182 * : : 00018200
183 * FIRST, WE WILL HAVE TO DEFINE THE PARAMETERS WHICH WE INTEND ~ 00018300
184 * TO PASS TO THE SUBROUTINE. 00018400
185 * 00018500
186 #Fkkikdkdkokdkkkdokkiokiokkkgkkk QUESTION 8.4 H¥kicydkskiokdkkiokingkppiorkickxkx iikkx 00018600
187 * : 00018700
188 * LET US SUPPOSE THAT WE WANT TO RAISE 6 TO THE EIGHTH POWER. 00C18800
189 * WRITE THE CONSTANTS NECESSARY TO DO THIS USING THE FORMAT 0061830C
190 * DEFINED IN THE SUBROUTINE'S SPECIFICATIONS. 00019060
191 * 00019100
192 skt sk koo ok o ok skodok dkosfsieiok sk R S o iRk ROk ekekoksiok ok 3ok ok kR Rk ok ok ok R ook kR ok kxR %kxx 00019200
193 00019300

T

194 = C0019400
195 sk ook s sksokok ok skok i ok sk ok sk ok ook sk ok ok 3 X ok ok ook ok ok loR Rk ok ok kRok kR k%% 00019500




SUBROUTINE WORK PROJECT NUMBER ONE.

LOC OBJECT CODE ADDR1 ADDR2

000020

000020 00000006

000024 00000G08

000028 0000000000000G00

000030 0000000600000008

€00038 0700

STMT

197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215

217
218
219
220
221
222
223
224
225
226
2217
228

SOURCE STATEMENT FOBAPRT0
K ieaeeesasssiessscenseascssasscscssssssasesssasesescsssssccecncesennnns
* ANSWER 8.4 '
*
* IF YOU WROTE SOMETHING LIKE THE FOLLOWING, YOU ARE CORRECT.
SOMENAME DS 0D :
SIX oC Fret
EIGHT oC Frge
ANSWER  DC D'o!*
* .
* OR, YOU MAY HAVE WRITTEN THE FNLLOWING INSTEAD OF THE
* CONSTANTS CALLED *SIX' AND *EIGHT'.
"

DC F16,8

*
* YOU MAY ALSO HAVE WRITTEN ' CNOP 0,8 ** IN PLACE OF THE
* ** DS OD '', AS BOTH CAUSE THE DESIRED DOUBLE-WORD
* ALIGNMENT.
*
K 4t aeeeeeaseoneecenenttotosscsenascsctcnsacettotessnctcencnncnonnns
Eokkk Rk ok kR ROk ROk KK KRR E QUESTION 8.5 Hokksok ko okl d ek ok ok s sk e ook

*
* NOTICE THAT WE USED A '' DS OD *' TO BEGIN THE LIST IN OUR

* ANSWER, WAS THIS NECESSARY? IF SO, WHY?

*

s ool o e e e e e ek ok e e e e s ol ok o et ool o ol o o e e ok R R e sk R o oK o e ook o ek e e ek el ok o
M )

*

*

*

st et s s ok e ok ook o s ok i sk s ol ol o SRk o ok R R ok ok o ok R o o ok Sk e s e ko el ook s e ol o R ok ek ol ok

CNOP 2,8

PAGE 5

9/17/70

000197G0
oool9s8ce
00019900
00020000
00020100
00020200
00020300
00020400.
00020500
00020600
00020700
00020800
00020900
00021000
00021100
00021200
00021300
00021400
00021500

00021700
00021800
00021900
00022000
00022100
00022200
00022300
00022400
00022500
00022600
00022700
00022800




SUBROUTINE WORK PROJECT NUMBER ONE. PAGE 6

LOC 9OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FOBAPRTO 9/17/70
230 ¥aeeoesseosecscsscscacesscassscescssscscscsscecscssccsscccccsscasscscccscss 00023000
231 * ANSWER 8.5 00023100
232 * 00023200
233 * YESy IT IS NECESSARY TO CAUSE THE FIRST WORD IN THE LIST 71O 00023300
234 % BE ON A DOUBLE-WORD BOUNDARY, AND THE THIRD PARAMETER IN 00023400
235 * THE LIST, WHICH MUST BE ON A DOUBLE-WORD TO BE CONTIGUOUS 00023500
236 * WITH THE SECOND PARAMETER. 00023600
237 * 000237C0
238 * NOTICE WHAT HAPPENS IN THE FOLLOWING EXAMPLE, WHEN 00023800
239 * THE DOUBLE-WORD ALIGNMENT IS NOT FORCED BY THE PROGRAMMER. 00023900
240 Feesessesesesssscsscsssesesssscesscsssscssscscsrssesascscssncsccsscsccsse 000240CO
00003A 0000 ’
00003C 00000C06 241 LIST DC F'6! 00024100
000040 00000008 242 DC Feg? 00024200
000044 000000GC
000048 0000000G00V00G0O0 243 oC D*o°* 'S 000243C0
®

245 KA+ 4+ttt bbb AR R R AR R R R R bR R R R R+ 4+ 00024500

246 * NOTICE THAT THERE WAS PADDING GENERATED BETWEEN THE 00024600
247 * FULL-WORD *6' AND THE DOUBLE-WORD *0' BECAUSE WE DIDN'T HAVE C0024700
248 * THE FORE-SIGHT TO TAKE A LITTLE PRECAUTIONARY MEASURE LIKE 00024800
249 * A '* DS OD ''.. 0C024900

250 %44+ttt 4ttt bttt bttt Attt bbbttt bbb bR AR AR AR HE 44+ 00025000

252 skkmmmkEsRRkk Rk Rk QUESTION 8.6 #kkwkidsstfmmkitsrrtsrtrssss 00025200

253 * 00025300

254 * OK. SO MUCH FOR ALIGNMENT CONSIDERATIONS, WE HAVE TO PASS 00025400

255 * THE PARAMETERS TO THE SUBROUTINE, USING THE SPECIFICATIONS 00025500

256 * SUPPLIED. WRITE THE CODE NECESSARY TO PASS THE PARAMETERS 00025600

257 * IN THE FOLLOWING LIST TO THE SUBROUTINE. 00025700

258 * 00025800

259  Hoiesesk ook ek ook ol 3ot sje ek ol sie o de e i e o o kR o ko Sk e ok R ko kR ok ROk Rokk kR xkk%kkk%k 0025900

260 * ' R 00026000

261 * 00026100

262 * 00026200

263 kesdok ok sk ok deokof ko st Sk o ok s ok ko okok ok ok ook k ok ok ok Rk RoRkR R RoRR R kokkk kR xkkk%k 00026300

000050 264 PARMLIST DS 0D 00026400
000050 0000006600G00008 265 DC Fle,8° 00026500
000058 000000CGLGO000000 266 ocC  DUo* 00026600

000060 267 MAINLINE EQU * 00026700




SUBROUTINE WORK PROJECT NUMBER ONE, . PAGE 7
LOC O0BJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FOBAPRTO 9/17/70
269 *aeasevcsccecessscssssescsssccssessscscsccsssssescsscscsascssccsscsccsss 00026900
270 * 00027000
271 * ANSWER 8.6 ) 00027100
272 * ' 00027200
273 * YOU SHOULD HAVE WRITTEN EITHER: 00027300
274 * 00027400
000060 4110 C048 00050 275 LA R14PARMLIST 00027500
276 * 00027600
277 * OR ELSE: . 00027700
278 * : 00027800 ~
000064 5810 CO64 0006C 279 L R14ANADCON , 00027900
000068 47F0 C068 00070 280 - B ANADCON+4 ) ) 00028000
00006C 00000050 281 ANADCON DC A(PARMLIST) 00028100
282 * ‘ 00028200
283 * REMEMBER THAT THIS WAS A 'CALL-BY-VALUE' OPERATION, SO WE 00028300
284 * WANTED TO PASS THE 'ADDRESS' OF THE PARAMETERS, RATHER 00028400
285 * THAN THE PARAMETERS THEMSELVES. 00028500
286 *eeevecccccccccscescessstsncacccssacssscsescsscscsccscnscscscssascccsccss 00028600
288 * - -— 00028800
289 * ALL RIGHT, WE HAVE SET UP THE PARAMETERS THAT THE ROUTVINE 00028300
290 * REQUIRES FOR INPUT, NOW WE HAVE TO GET TO THE ROUTINE AND 00029000
© 291 * BACK WITH THE ANSWER. AGAIN WE WILL USE STANDARD LINKAGE . 00029100
292 * CONVENTIONS. ’ 00029200
- 293 * 00029300

295 wdkikdkkoRRRR R R ok kR E QUESTION 8.7 ksskksisiioions fkofk okt akkke 00029500

296 * 00029600
297 * WRITE THE CODE NECESSARY TO LINK TO THE SUBROUTINE. 00029700
298 * 00029800
299 * FOLLOW STANDARD LINKAGE CONVENTIONS. 00029900
300 * 00030000
301 ook s ek o o ek sk e oie e o sfe e Sl ke e s 3l ok e e sk e o sfeofe o ke e sl sie sl o e ko sk ok sk ke ok ek e sk ok Rk ok ke ook kkk 00030100
302 * , v 00030200
303 * ' ) 00030300
304 * 00030400
305 * 00030500
306 * ' 00030600
30T stk el ook koK ok e o sl e e e e e 3 3o s e s ok oo dfe e e ot e e e e ke ook ook sk ok ook ok Rk ok sk kkokk ok ok kkkkk 00030700




oL

Laoc

0C0070
000074

000076
00007A
€0007C
c00080

SUBROUTINE WORK PROJECT NUMBER ONE.

OBJECT CCGDE ADDR1 ADDR2

58F0 COES8 0COFO
O5FEF

58F0 CO78 00080
05EF

47F0 CO7C 00084
000000CC

STMTY

309
310
311
312
313
314
315
316
317
318
319

320 -

321
322
323
324

326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351

353
354
355

357
358
359
360
361

SOURCE STATEMENT FO8APRT0
K 4 e eaeeeseeeeeteacsseesneeisecesasanneentinnoaseeatetettcctttasaatenn
* ANSWER 8.7
&
* YOU SHOULD HAVE WRITTEN SOMETHING WHICH CLOSELY RESEMBLES
* ONE NF THE FOLLOWING:
*
L R15,=V(EXPONENT) GEEEEEELEEEEEEEEEEREEEEEELELEEEEEEE
BALR R14,R15 & REMEMBER, CONVENTION REQUIRES &
* & THAT WE SET UP THE SUBROUTINE'S &
* OR ELSE, & ENTRY ADDRESS IN REGISTER 15, &
* & AND THE RETURN POINT TO OUR &
L R15,AVCON & PROGRAM IN REGISTER 14. &
BALR R14,R15 EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
B AVCON+4
AVCON DC VUEXPONENT)
B 4 e e eesesasaseaseesassassassasstteastttasasesecesncsocectcasasnsnnsnnns
L R R R R R R R SR S SR S RS S S RS R R S 2 R L
OF COURSE YOU COULD NOT SUCCESSFULLY WRITE:
LA R15,EXPONENT
BECAUSE *'EXPONENT'' IS AN EXTERNAL NAME, NOT RESOLVABLE AT

ASSEMBLY TIME.
NOR COULD YOU WRITE:

LA R15,EXPONENT
EXTRN EXPONENT

BECAUSE, IN THIS FORM, ''EXPONENT'' IS NOT RESOLVABLE USING
ANY KNOWN BASE OR ANY CALCULABLE DISPLACEMENT. ( IF THAT
DIDN'T MAKE ANY SENSE, IT'S INSTRUCTOR BUGGING TIME..)

ANYWAY, HAVING SUCCESSFULLY GOTTEN TO THE SUBROUTINE, WE WANT
TO VERIFY THAT THE ROUTINE FUNCTIONED PROPERLY BEFORE WE
GO AHEAD AND USE THE DATA THAT WAS RETURNED TO US.

&
*
%
*
*
*
*
s
*
*
%
*
*
e
*
*
*
*
*
*
* 'REMEMBER THAT THE SUBROUTINE RETURNED A CODE TO INFORM US

* OF THE RELATIVE SUCCESS OF THE OPERATION. IT WOULD BE WISE TO
* TEST IT AT THIS TIME.

R R e b L o b o o o o o o A R S S o S L
gk ok ok ROk Rk sk RkkckEkk QUESTION 8.8 *koksioksksor kol ok sk sk ok sk ko kodeokook

* WRITE THE NECESSARY CODE TO TEST FOR SUCCESSFUL COMPLETION.
* YOU SHOULD CAUSE A PROGRAM CHECK IF UNSUCCESSFUL EXECUTION

* OCCURRED, OR CONTINUE EXECUTION OF THE DATA IS VALID.

st s o s e o s s 3k ol ol 3 sk 3R S8o 3 3e oK sok 30 o  S SKk  o e ok ke ok o sk e ko ook ok koo ok sk sk ok  dok oRokok
*

*

*

e sk sk e o s e o s e i etk s s ok ok ok ke ook s ok o ok o s R oK o s s o ok e o ook sk s ok ook o R kol ok ok SRR
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00030900
00031000
00031100
00031200
00031300
00031400
00031500
00031600
00031700
00031800
00031900
00032000
00032100
00032200
00032300
00032400

00032600
00032700
00032800
00032900
00033000
0003310¢C
00033200
00033300
00033400
00033500
00033600
00033700
00033800
00033900
0C034000
00034100
00034200
000343C0
00034400
00034500
00034600
00034700
00034800
00034900
00035000
00035100

00035300
00035400
00035500
00035600
00035700
00035800
00035900
00036000
00036100




SUBROUTINE WORK PROJECT NUMBER ONE.

LOC OBJECT CODE

000084 12FF

000086 4780 CO084

COC08A 0000

00008C 59F0 COEC
000090 4780 CO8E
000094 0000

000096 0000

000098 58DD 0CC4
00009C 98EC DOOC
=2 0000A0 OTFE

C000A4

ADDR1 ADDR2

0008C

000F 4
00096

000C4
0000C

STMT

363
364
365
366
367
368
369
370
371
372
373
374
375
376
377

387
388
389

391
392
393
394
395

397

SOURCE STATEMENT
K e 44 aeeanecasecsaseetaceasseatsecacsecssecateastecccccsscacsasatesranss
* ANSWER 8.8
*
* YOU COULD HAVE WRITTEN EITHER OF THE FOLLOWING:
*
LTR  R15,R15
" BZ *+6
oC H1O!
*
* OR SOMETHING APPROXIMATING:
*
: c R15,=F'0"
BE *+6
oc H'O?
K 444 aeeneatececsseceesteseetateceasocestsaaasteaantecatoaccatsstoanasen
DC H1O* %* % % THIS WILL GET US A DUMP JUST TO SEE IF THE
* % % % SUBROUTINE REALLY WORKS.
* * % % CHECK THE ANSWER IN THE DUMP TO BE SURE
* % % % THAT IT DID WORK.
L R13,4(R13)
LM R14yR12,12(R13)  RESTORE MY CALLER'S REGISTERS.
BR R14 AND GO ON HOME.s...
%G EEGGEEEEEGEGEEEEEEGEEEEEEEGEE6EE66E0666606666666066EE6E8E6E6E6E866888EE

~

FO8APRT0

NOW THAT YOU HAVE BECOME FAMILIAR WITH THE METHOD OF USING
SOMEONE ELSE'S CODE, APPLY WHAT YOU HAVE JUST LEARNED BY

*
%
*
* DOING THE LAB PROJECT ENTITLED
* LOCATED IN YOUR LAB GUIDE.

* GOOD LUCKaeesss

*

*

CEE GG e EEEE GGG EEEEEEEEaEEEEEEEELEEEEEEEEEGLEEEEEELELEEEEEEEEEEEEELEE

SAVEAREA DS 18F

*THE CURRENT - POWER PROBLEM®*
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00036300
00036400
00036500
00036600
00036700
00036800
00036900
00037000
00037100
00037200
00037300
00037400
00037500
00037600
00037700

00037900
00038000
00038100
00038200
00038300
00038400
00038500

00038700
00038800
0C038900
00039000
00039100
00039200
00039300
00039400
00039500

00039700
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EXPONENTIATION SUBROUTINE..Y = I TO THE J-POWER. PAGE 10

LOC OBJECT COGDE ADDR1 ADDR2 STMT SOURCE STATEMENT FO8APRTO 9/17/70
0000F8 399 EXPONENT CSECT 00039900
4 Q0 kdodkoksdeskokok ok ook ok ok ok ok R ok ok eokokok ok koiok ook SeokoskoloRk R odoR ok SORRIORRRR R ROk AR KRR k%% 00040000
401 * 00040100
402 * THIS SUBROUTINE WILL RAISE A FIXED POINT INTEGER VALUE °'I°* 00040200
403 * TO A FIXED POINT INTEGER VALUE *J' AND RETURN THE NEW VALUE 00040300
404 * IN A DOUBLE WORD "Y', 00040400
405 * 00040500
406 * THE SUBROUTINE USES STANDARD LINKAGE CONVENTIONS, AND USES 00040600
407 * PARAMETERS OF THE FOLLOWING FORM... 00040700
408 * GENERAL REGISTER 1 ADDRESSES A LIST OF THREE CONSTANTS 00040800
409 * TWO OF WHICH ARE FULL-WORDS, AND THE LAST OF WHICH IS A 00040900
410 * DOUBLE-WORDy LOCATED ON A DOUBLE-WORD BOUNDARY. THESE WILL 00041000
411 * CONTAIN THE VALUES 'I', *J*' AND 'Y' RESPECTIVELY, WHERE 'Y! 00041100
412 * EQUALS *I*' RAISED TO THE *'J' POWER. T.E.: 00041200
413 * 00041300
414 * + + o+ + + + 00041400
415 * | t——=t=>| v ] Jr | e Y i 000415900
416 * + R + + + 00041600
417 * REG. 1 0 4 8 16 00041700
418 * D<{==== MUST BE ON A DOUBLE-WORD 00041800
419 * BOUNDARY . 00041900
420 * 00042000
421 * ON RETURN, REGISTER 15 WILL CONTAIN A CONDITION CODE WHICH 00042100
422 * INDICATES THE SUCCESS OF THE OPERATION. IT WILL CONTAIN ONE 00042200
423 * OF THE FOLLOWING VALUES... . 00042300
424 % 00042400
425 * O —— OPERATION WAS SUCCESSFUL G0042500
426 * 4 —-— THE VALUE OF THE EXPONENTIATION EXCEEDED ONE 00042600
427 * REGISTER, THE RESULT MAY BE INCOMPLETE. 00042700
428 * 8 —-— ONE OF THE INPUT PARAMETERS WAS LOCATED ON OTHER 0042800
429 * THAN THE REQUIRED BOUNDARY, NO 00042900
430 * EXPONENTIATION WAS ATTEMPTED. 006043000
431 * C0043100
432 wFdxdckxk%k NOTE: YOU MAY IGNORE THE REST OF THIS SUBROUTINE, AS IT IS 00043200
433 * NOT PERTINENT TO THE COMPLETION OF THIS PROJECT. €0043300

434 ok dol ok sk s ot ool ok 3O R ok 3ok ook ok ok ok Hok ok kR ok ok Rl KRk ook R R sololok R kookok ok 00043400

002005 436 1 EQU 5 INTEGER VALUE *I°* 00043600
000006 437 J EQU 6 EXPONENT VALUE *'J* 00043700
000008 438 Y EQU 8 REGISTERS 8 & 9 CONTAIN *Y? 00043800
000O0F8 90EC DCOC 0000cC 440 STM 14412,12(13) SAVE CALLER'S REGISTERS 00044000
0000FC 05CO 441 ’ BALR 12,40 ESTABLISH ADDRESSABILITY 00044100
0000FE 442 USING *,12 CLUE THE ASSEMBLER IN ON IT. 00044200
COOOFE 41FC CO6E 0016C 443 LA 154 SAVEAR2 STANDARD 00044300
©C0102 50FD CGC8 00008 444 ST 15,8(13) SAVE 00044400
000106 50DF 0004 00004 445 ST 13,4(15) AREA 00044500
C0C10A 18DF 446 LR 13,15 CHAINING 00044600
00010C D703 DGG8 DGO8 00008 00008 447 XC 8(4413),8(13) CONVENTIONS. 00044700
C00112 18BFF 448 SR 15415 SET RETURN CODE = 0 00044800




Loc

CCO1l14
000116

C2011A
00011C
000120
000124
000126
00C12A
00012C
000130
000132

00C136
00C138
00013A
00C13E

0C0142
000142
000146

G0014A
30014E
000152
000156
00015A
C0015E

000160
C00166

00016C
000000
0000FO0
0000F4

EXPONENTIATION SUBROUTINE..Y

OBJECT CODE

1821
8910

1211
4770
9856
1255
4780
1888
4190
1266
4780

1C85
1288
4770
4660

9089
4TF0

41FF
41FF
58DD
58ED
980C
07FE

D707
4TF0

001D
€04C
2000
€062
6001

CCO44

CC50
Co38

2038
C054

0004
0004
0004
00cC
DC14

2008
C054

00000000
00000000

2008 00008

ADDR1 ADDR2

0G01D

0014A

00000

00160

cecol

00142

0C14E
00136

00008
00152

00004
00004
00004
0000cC
00014

006008
00152

= 1 TO THE J-POWER.

STMT

450
451
452
453
454
455
456
457
458
459
460

SOURCE STATEMENT

461

463
464
465
466
467
468
469
470

472
473
474

476
477
478
479
480
481

483
484

486
487
488
489

AISE

RETURN1

RETCODES
RETCODE4
RETCODEO

YEQUALSO

SAVEAR2

LR
SLL

LTR
BNZ
LM

LTR

241
1,29

1,1
RETCODES8
1,J,0(2)
I,1
YEQUALSO
YeY
Y+1,1
Jad
RETURN1

SAVE PARAMETER LIST ADDRESS.

SHIFT OUT ALL BUT LOW ORDER 3 BITS

OF PARAMETER LIST ADDRESS

IF THE PARAMETER LIST WAS NOT DN A
RETURN AN ERROR CD.

DOUBLE-WORD BOUNDARY ,
GET VALUES OF 'I* AND
IF 'I' = 0,

IJI

INITIALLY SET THE VALUE
OF 'Y' T0 1

IF EXPONENT EQUALS ZERO,
RETURN A VALUE OF 1

THIS PART OF THE ROUTINE DOES ALL THE DIRTY WORK OF

THE

MR

LTR
BNZ
BCT

EQU
STM
B

LA
LA

LM
BR

DS
END

EXPONENTIATION.

Yol

Yy
RETCODE4
JsRAISE

*

Y,Y+1,8(2)
RETCODEOQO

1544(15)
15,4(15)
13,4(13)
14412(13)
0+12,20(13)
14

8(842),8(2)
RETCODEO

18F

SUBRTNO1
=V(EXPONENT)
=F1Q!

RAISE *I' TO THE *'J'-TH POWER

TEST FOR VALUE IN EXCESS OF 32 BITS.

FOUNDy SET RETURN CODE = 4.
NO OVERFLOW,

RETURN VALUE OF 'Y!

AND RETURN A CODE OF ZEROC

SET RETURN CODE TO 8
SET RETURN CODE TO 4

RESTORE 14
RESTORE REMAINING REGISTERS
RETURN TO USER

SET *'Y* EQUAL TQO ZERO
RETURN A CONDITION CODE OF ZERO

RETURN RESULT OF ([ERO

CONTINUE WITH EXPONENTIATION

PAGE 11

FO8APRTO 9/17/70
00045000
00045100
006045200
00G45300
00045400
00045500
00045€00
00045700
00045800
00045900
00046000
00046100

00046300
06046400
00046500
00046600
00046700
CC046800
00046900
00047000

00047200
00047300
0004740C

00047600
00047700
00047800
00047900
00C480GC
00048100

00048300
000484C0

00048600
C0048700




141

PDS.ID

01
01
01

REL.ID

01
G2
02

FLAGS

ocC
1C
1C

ADDRESS

00006C
000080
0000FO0

RELOCATION DICTIONARY

PAGE 1

9/17/70
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CROSS-REFERENCE PAGE 1
SYMBOL LEN VALUE DEFN REFERENCES 9/17/70
ANADCON 00004 00006C GG281 0279 0280
ANSWER 00008 000028 00204
AVCON 00004 000080 00323 0320 0322
EIGHT 00004 006024 00203
EXPONENT 00001 00O0OOF8 GO0399
I 00001 000005 GO436 0455 0456 0456 0467
J 00001 000006 CO437 0455 0460 0460 0470

LIST 00004 00003C 00241

MAINLINE 00001 000060 00267 0162

PARMLIST 00008 00G05C 00264 0275 0281

RAISE 00002 000136 00467 0470

RBASE 00001 00000C 00003 0109 0110 O0ll4 0115
RETCODEO 00004 000152 00478 0474 0484

RETCODE4 00004 OQOLl4E 00477 0469

RETCODE8 00004 00014A 00476 0454

RETURN1 00001 000142 00472 0461

RX 00001 OOCOOF C0004 0158 0160 0161

RO 00001 0000GO 0G0O05

R1 00001 000001 0GOO06 0275 0279

R10 00001 0CO00OA 00013

R11 00001 CO0COCOB 00014

R12 00001 00G0OC 00015 0058 0384

R13 00001 0000CD 00016 0058 0159 0160 0161 0383 0383 0384
R14 00001 000OCE 00017 0058 0316 0321 0384 0385

R15 00001 0C0OQOF 00018 0315 0316 0320 0321 0368 0368 0374
R2 00001 000C0O2 OGOO7

R3 00001 000GC3 00008

R4 00001 C00004 00009

R5 00001 00GOO05 00010

R6 00001 0000C6 00011

R7 00001 000G07 00012

SAVEAREA 00004 000CA4 00397 0158 0159

SAVEAR2 00004 00016C 00486 0443

SIX 00004 000020 00202

SOMENAME 00008 000020 0G201

SUBRTNO1 00001 000000 00062 0115 0487

Y 00001 000008 00438 0458 0458 0459 0467 0468 0468 0473 0473
YEQUALSO 00006 0GC160 00483 0457

NO STATEMENTS FLAGGED IN THIS ASSEMBLY

*STATISTICS=* SOURCE RECORDS (SYSIN) = 487

*0PTIONS IN EFFECT* LIST, NODECK, LOAD, NORENT, XREF, NOTEST, ALGN, 0S, LINECNT = 55
544 PRINTED LINES
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F44—_EVEL LINKAGE EDITOR OPTIONS SPECIFIED MAP,LET,LIST,NCAL

VARIABLE OPTIONS USED - SIZE=(45056,6144)~ DEFAULT OPTION(S) USED
TEW00O0C ENTRY UTILITY
MODULE MAP
CONTROL SECTION ENTRY
NAMFE ORIGIN LENGTH NAME LOCATION NAME LOCATION NAME LOCATION NAME LOCATION

SUBRTNO1 00 F8

EXPONENT F8 BC

UTILITY 1B8 5A0

PRINT 21A PCHKRETN 476

ENTRY ADDRESS 188

TOTAL LENGTH 758
xx%x%G0 DOES NOT EXIST BUT HAS BEEN ADDED TO DATA SET




L1

F.P+ REGS. O0D.60ESO0 00000042 F4.,174278 9870260F 00.000008 00000000 00.000000 00000000

REGS 0-7 FFFFFF2E OCO5F8F8 0001DC4C 00000000 C0015110 000153C0O 0001D7CO O0O0169EQ

RPEGS 8-15 0C01DC30 00000000 0001DC58 ©0000000 6FO5F8B0 0005F94C 4F05F924 00000000

000000 000C000G GOOGOOCO 00000000 00000000 0005F8A8 00000000 FFG60000 B0000000 *eeeseovsscsccccscseBocccccsnsecseXk
0300290 0CJ40003 500G06A3E FFD50001 4F05F940 0000OFFOO 00000000 FFG40233 AQOOC54A *eeeeesooaMeseed cecevecscossesbe®
000040 000CC00C 04000000 00001468 00005920 083D5600 G000996C 00040000 OCOOT7498 *eesseesessesascssscocsccscscnsnscss™
£000690 0C04CCou vd0G7BC8 00040000 00007588 00000000 00012D10 000400CC OOOO0751A *eeeeeoaHeoooosoessessccccsccnnce¥
05F8A0 AOEL1AOEQ 924CA1BE 90ECDGGC 05C005CO 41FOCO9C 50DOCOAQ 50FDO00C8 18DF4TFO *eeeee eosssseseselecsccnscnsaedl*
05F8CO 0588056 41DDC0O0O8 00000006 00000008 GO0000000 0OCOO0O0000 00000006 0000DOC8 *useessessecccsccssssoscsccasnssonsns¥
O5F8FQ 07000000 000GGO06 00000CO8 00G00000 GO0C000C 0C00000C 00000006 00000008 *eesessescecsasssssscscsosassnssa¥
C5F900 000000CC 0G19A100 4110C048 5810C064 4TFOC068 UGOS5FBF8 S58FOCOE8 OSEFS58F0 *eeeeeeosoccoesoeeleceeBB8.0.Y.. 0%
05F920 CO78C5EF 47FOCOTC OO005F9A0 12FF 4780 C0840000 59FCCOEC 4780CC8t 000CCO00 *eeeeeDeeeeTeceesceceelecencenane®
C5F940 58DD00C4 98ECDOOC O7FECO000 953A4740 G006BF68 0005FA14 4F05F924 O005F9AC *eeeeeececeessse sascscsnssTeeeFoX
05F 960 FFFFFF2E OCJO5F8F8 0001DC4C CO000000 00015110 00C153C0O0 0001D7CO OOOL69EC *eeeeeeBBecesssecossvecsosssPeccack
25F980 72010C30 GJC00000 N0O01DC58 0000000C 6F05F8B0 80564740 0005FGAO0 0O00000C0O0 *eeeeseoscscesscesscsBoosos eeFeeaeek
05F9A0 9CECDOCC 05C041F0 CO6ES5GFD 000850DF COC418DF D703D008 DOO08LBFF 18218910 *eeeeeeeleocesossencePeccaccncene*
C5F9C O 201D1211 477GCC4C 98562000 12554780 C0621B88 41900001 12664780 CO441C85 Feeeeseooossessscscscsssecsssnsas¥
05F9EC 1288477C C0504660 C0389089 200847F0 C05441FF 000441FF 0C0458DD OGCO458ED *eeeceoecsscceselocecosccccccccnce¥
C5FANQ0 000C980C DC1407FE D7C72008 200847F0 C0549104 70044710 0005F94C 00000C0C *esesseeePeseceelecoccscsaecTenceec¥
N5FA20 CO02705EF D2C3C024 94FE910C 80564740 946AD503 TO0l494FE 47809470 S8FCI94DE *eeeeKeoeosoosoe seNeceoeoooeslau*
05FA40 O7FF58FC 94E605EF 48BCA000 41ACACO2 90ABC024 18505800 C03441D0 DOOOS8FC *eeeOeWeoososoocoscscsccccscnnsdl¥
C5FA60 90ECDCCC 05CC004F0 07004110 CO1CO511 OF05FB04 TFFFOAOE 58BCO01C 9110B07T4 *eeeseeeDeoccsccoscccocsccssscsase™
060C20 4ACU9YBDE 40050000 47F095C6 486C9BFF 8A6C0001 4770969E 48609C26 41660001 *eeee eese0eFesecccscccccnsccccnc®

e e s oo o ok oo e o e sk oo e ke o e ek s e o i e o o o e e e A o kol ok o sk e e e sk ok e e ok e e ke s ook s ok o e e R R ok R o Sl o ek o o e e e e ofe ke ek e e ol ek e e o X ok
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BBBBBEBBBBBB
BBBBBBBBBBEB
BB BB

88 BB
BBBBBBBBEBB
BBBBBBBBBB
BB BB
BB BB
BB BB
BB5BBBBEBBBLB
3BB3BbBBBBBB

RRRRRRRRRRR
RRRRRRRRRRRR
RR RR
RR RR
RR RR
RRRRRRRRRRRR
RRRRRRRRRRR
RR RR

RR RR

RR RR
RR RR
RR RR

AAAAAAAAAA
AAAAAAAAAAAA
AA AA
AA AA
AA AA
AAAAAAAAALAA
AAAAAAAAAAAA
AA AA
AA AA
AA AA
AA AA
AA AA

NN
N NN
NN NN
NN NN
NN NN
NN NN
NN NN
NN NN
NNNN
NNN
NN
N
9999999999
999999999999
99 99
99 99
99 99
999999999999
999999999999
99
99
99 99
999999999999
9999999999

cccececceccece
ccceccecceccce
CccC ccC
ccC
cC
cC
cC
ccC
cc
ccC cc
ccceeeccccce
¢ccececcccce

HH HH
HH HH
HH HH
HH HH
HH HH
HHHHHHHHHHHH
HHHHHHHHHHHAH
HH HH
HH HH
HH HH
HH HH
HH HH

EEEEEEEEEEEE
EEEEEEEEEEEE

EEEEEEEE
EEEEEEEE

EE

EE

EE
EEEEEEEEEEEE
EEEEEEEEEEEE

SSSSSSSSSS
SSSSSSSSSSSS
S$S SS
SS
SSS

SSSSSSSSS

SSSSSSSSS
SSS

SS

SS SS
SSSSSSSSSSSS
SSSSSSSSSS
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SYMBOL

BRANCHES
PCHKRETN

TYPE ID ADDR LENGTH LD ID

SD 01 00G00C €00232
ER 02

EXTERNAL SYMBOL DICTIONARY

12.08

PAGE 1
9/17/70Q




BRANCHING AND SWITCHING WORK PROJECT. PAGE 1

LOC NBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FOBAPRTO 9/717/70
000000 2 BRANCHES CSECT 00000200
000000 90EC DCLGC 0000C 3 STM 14412,12(13) SAVE THE CALLER'S REGISTERS 00000300
000004 05CO 4 BALR 12,0 ESTABLISH THE PROGRAM BASE REGISTER 00000400
€00006 5 USING *,412 TELL THE ASSEMBLER ABOUT IT 00000500
000006 41F0 C1D2 00108 6 LA 154BRSAVE MY SAVE AREA ADDRESS 00060600
00J000A 50DF 0004 00604 7 ST 13,4(15) BACKWARD CHAIN 00000700
00CO0E 5CFD 0CG8 0oaoos8 8 ST 15,8(13) FORWARD CHAIN 00000800
000012 18DF 9 LR 13,15 ESTABLISH MY SAVE AREA 00000900
000014 D703 DOO8 DOO8 OuC08 20008 10 XC 8(4,13),8(13) TERMINATE THE FORWARD CHAIN 00C01000

11 * AT THIS POINT, STANDARD ENTRY CONVENTIONS ARE CCMPLETE. 00001100
12 PRINT OFF A LITTLE SLEIGHT OF HAND... 00001200

00002E 47FC C19E 001A4 19 - B LOCATION SKIP ALL THE OTHER CODE (ILLUS.ONLY) 00GCC1900
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BRANCHING AND SNiTCHING WORK PROJECT.

LOC O0OBJECT CODE ADDR1 ADDR2 STMT

21
22
23
24

#* 3 3 3¢

SOURCE STATEMENT

FO8 APRT0

R RERRE KRR RERR KKK EXKERERRERRRRERRRRRRRREXK

% BRANCHING AND SWITCHING WORK PROJECT 1.

* —-—— -

*
%*

s ok e ook o ok oK R R R SR R SR R R R o R ok R R R R KR AR O

E R B O R R o o o o e R R LR R A

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

THIS PROJECT CONTAINS EXAMPLES OF THE *LOGICAL' INSTRUCTIONS
(ANDy OR, EXCLUSIVE OR, AND TEST), SHOWING THE WAY IN WHICH
THEY MAY BE USED TO MANIPULATE '*LOGICAL PROGRAM SWITCHES'',

IT ALSO CONTAINS EXAMPLES OF THE VARIOUS BRANCH INSTRUCTIONS,

SHOWING SOME OF THE WAYS THEY MAY BE USED TO CONTROL PROGRAM
LOGIC FLOW.

——= NOTE --- THE EXAMPLES CONTAINED HEREIN ARE NOT INTENDED
TO CONSTITUTE ANY COMPLETE PROGRAM. RATHER, THEY ARE MERELY
DISCRETE CODING SAMPLES, AND DO NOT NECESSARILY RELATE TO
ANY OF THE OTHER EXAMPLES IN THE PROJECT.

BECAUSE OF THIS, EACH SHOULD BE EXAMINED SEPARATELY

AND ALL QUESTIONS CONCERNING ANY SINGLE EXAMPLE SHOULD BE
COMPLETED (AND THEIR ANSWERS UNDERSTCOD) BEFORE GOING ON TO
THE NEXT EXAMPLE.

IF YOU DON'T UNDERSTAND, BUG YOUR INSTRUCTOR FOR AN ANSWER,
THAT'S WHAT HE GETS PAID FOR...

FIRST, A BIT OF PRELIMINARY INFUORMATION. THROUGHOUT THIS
SECTION, WE'RE GOING TO BE USING THE 4-BYTE *NO-OPERATION®
INSTRUCTION, WHICH. IS A BRANCH HAVING A CONDITIUON MASK OF
ZEROy, WHICH MEANS THAT NO BRANCH WILL EVER BE MADE WHEN THE
INSTRUCTION IS EXECUTED. DOESN'T SOUND TOO USEFUL ?? WELL,
JUST WAIT AND SEE...

*

PAGE 2

9/17/70

00062100
00002200
00002300
00002400

00002600
00002700
000028C0
00002900
00003000
€0003100
00063200
000033C0
00003400
00003500
60003600
00003700
00003800
00003900
00004000
00004100
0C004200
00004300
00004400
00004500
00004600
00004700
00004800
00004900
00005000
00005100

e A R R d R R R R R R A R R R R R 2 TR R e [e [l oL Ydo]e}



BRANCHING AND SWITCHING WORK PROJECT. PAGE 3

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FOBAPRT0 9/17/70

54 * 00005400
55 * LET US FIRST CONSIDER THE MEANING OF THE TERM *SWITCH®' AS 00005500
56 * APPLIED TO PROGRAMMING. 00005600
57 * - 0000570C
58 * OF COURSE, YOU ARE FAMILIAR WITH AT LEAST ONE FORM OF SWITCH, 00005800
59 * THAT OF A LIGHT SWITCH, WHICH ROUTES THE FLOW OF ELECTRIC 000059C0
60 * CURRENT EITHER TO THE LIGHT BULB, OR TO NOWHERE, DEPENDING 00006000
61 * UPON THE SETTING OF THE SWITCH. 0C006100
62 * 00006200
63 * SIMILARLY,y IN PROGRAMMINGy A SWITCH IS AN INSTRUCTION WHICH 00006300
64 * ROUTES THE FLOW OF INSTRUCTION EXECUTION ONE WAY OR ANOTHER, 00006400
65 * DEPENDING ON THE CURRENT SETTING OF THE *PROGRAM SWITCH®'. C0006500
66 * 00006600
67 * THE MOST BASIC FORM OF SWITCH IS THE BRANCH INSTRUCTION 00006700
68 * WHOSE CONDITION MASK IS DYNAMICALLY ALTERED AT PROGRAM 00006800
69 * EXECUTION TIME. CONSIDER THE FOLLOWING EXAMPLE: 00006900
70 * 00007000
000032 4700 CO038 0003E 71 SWITCH BC 0, DONTDOIT 1 00007100
000036 96F0 CC2D 06033 72 (s} SWITCH+1,X'FO°* 2 00007200
CO003A 47F0 CO02C 00032 73 B SWITCH 3 00007300
00003E 940F CO02D 0G033 T4 DONYDOIT NI SWITCH+L4+X'0OF? 4 000074G0
75 * - 00007500

T7 Fkdkrkkikhkikkiiokkkkkikk QUESTION 9,1 *kkkisdkkikkkkkkkkikxfkkkrkkekkt 00007700

78 * USING THE NUMBERS WHICH APPEAR IN THE COMMENTS FIELDS 00007800
79 * IN THE EXAMPLE ABOVE, DETERMINE THE ORDER OF EXECUTION 00007900
80 * OF THE INSTRUCTIONS IN THAT EXAMPLE. ASSUME THAT *SWITCH! 00008000
81 * IS EXECUTED FIRST. WRITE YOUR ANSWER BELOW BEFORE GOING 00008100
82 * ON TO THE NEXT PAGE. 00008200
83 mukdkgkkkgdkkkk ik khkkEkkRhhkkkk kR hk kiR kiR pkrkpnikrerkkhkxxikx 00008300
84 * 00008400
85 * 00008500
86 * 00008600

87 ko bk ok ko Rk Rk Rk kR KRRk Rk R Rk kR kR R R Rk kR sk Rk EEx 00008700




BRANCHING AND SWITCHING WORK PROJECT.

LOC O0BJECT CODE

000042 4TFO CO044
000046 4TFO CO4C

8 00004A 97F0 CO3D
00004E 4TFO CO3C
000052

ADDR1

00043

ADDR2

0004A
Q0052

00042

STMT

89
90
91
92
93
94
95
96
97
98

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114

SOURCE STATEMENT

#0333 3 3 3 3 3 3

ANSWER 9.1

FO8APRT70

@es 0 e e 000000000000 0000 0000000000000 00000000000000000000000cc0cso0cse

¢

THE INSTRUCTIONS WILL EXECUTE IN THE SEQUENCE: 1,2,3,1,4.

THIS IS TRUE BECAUSE THE THIRD INSTRUCTION CHANGES THE MASK
'SWITCH', CAUSING IT TO BRANCH THE SECOND TIME IT IS

OF

EXECUTED.

ORIGINAL CONDITION.

THE INSTRUCTION NUMBERED '4*' RESETS THE MASK TO IT*S

© 00 00000 0000000000000 00000000°00000000000000000c0000000ccccssccsoscscccsace

Sk ok ok kR ok ok Rk QUESTION 9.2 ofotoksoksosk ook dok sk ok ek dodok ok ok ok ke
REMEMBERING WHAT YOU HAVE JUST SEEN, LOOK AT THE FOLLOWING
EXAMPLE AND LIST THE ORDER IN WHICH THE INSTRUCTIONS WILL

BE EXECUTED.

ASSUME THAT 'SWITCH2!
st e e e e e e ok ook s ok etk ol o s et ool e s s e o e e ko oo R ok e ok o o ol ke e o sk o ek 20Ok ek e ok

*
%*
*
%*

*
%
%

WILL BE EXECUTED FIRST.

e 3k e e A e e o e A 3 3k o e 3k e ok e o e s e ok sl 35 sk sk sl dfe e e 3o S 3k ok e 3k 3Rk sl ke sk 3 i ke it i e e e e o R R R R kiR

SWITCH2

BC
B

BYPASSIT XI

BEGONE

B
EQU

15,BYPASSIT
BEGONE
SWITCH2+1,X'FO!
SWITCH2

*

VN HWN -

PAGE 4
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00008900
00009C00
00009100
00009200
00009300
00009400
00009500
00009600
00009700
000C9800

00010000
00010100
00010200
00010300
00010400
00010500
00010600
00010700
00010800
00010900
00011000
00011100
00011200
00011300
00011400




Loc

000052
000056
00005A
00005E
000062
000066

BRANCHING AND SWITCHING WORK PROJECT.

OBJECT CODE ADDR1 ADDR2 STMT

116
117
118
119
120
121
122
123
124
125

127
128
129
130
131
132
133
9300 C060 00066 134
4740 CO58 0005E 135
47F0 C04C 00052 136
9400 C060 00066 137
47F0 CO72 00078 138
00 139

T 141

143
144
145

SOURCE STATEMENT FO8APRT0
K oaeeoseeseeesassasscssceacssasconsocssasosascscsocscsscscacscscssoascenns
* ANSWER 9.2
%*
* THE INSTRUCTIONS WILL EXECUTE IN THE ORDER 143+449192+5
*
*® THIS IS TRUE BECAUSE THE EXECUTION OF 'BYPASSIT' WILL
* CHANGE *SWITCH2' TO A *°*NOP'* INSTRUCTION AND THE SECOND
* TIME THAT IT (SWITCH2) IS EXECUTED, WE FALL THROUGH INTO
* THE BRANCH TO °'BEGONE®'.
K eooeoooscseescososscsescsscoscsecocssssecssccscscscocsccscsccactoccsscascsconse
R R e 2 e S e an A 22 R LR
* AN INSTRUCTION WHICH IS ICEALLY SUITED TO THIS KIND OF
* OPERATION IS THE ONE CALLED *TEST AND SET*', WHICH SETS THE
* TESTED BYTE OF STORAGE TO X'FF' AND SETS THE CONDITION CODE
* BASED UPON THE VALUE OF THE BYTE BEFORE THE 'TS' INSTRUCTION
* WAS EXECUTED.
T R L L R R E o o o o o o o A e R 2R 2
TESTASET TS BYTEO 1
BC 4 WALKONBY 2
B TESTASET 3
WALKONBY NI BYTEO,O 4
8 EXAMPLE] 5
BYTEO DC X*00"*

Fdodok fok ook Rk ook Rk Rk ok ok kR Rk QUESTION 9.3 ¥odskaokgodkd ok dofsedof e X e de ek e ek
* WHAT WILL BE THE EXECUTION SEQUENCE OF THE PRECEEDING CODE??
e afeofeok o o ok o 3 okl Rk s o sk ok ol o ok o o ok e o o e o e st oK e e o g e ok e e o d e ok ko sok

*
e e s o e e o ok e o e e ek ook e e R R R R R R e R R R AR R R KRR R KRR MK R KN
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00011600
00011700
00011800
00011900
00012000
00012100
00012200
00012300
00012400
00012500

00012700
00012800
00012900
00013000
00013100
00013200
00013300
00013400
00013500
00013600
00013700
00013800
00013900

00014100
00014200
00014300
00014400
00014500




BRANCHING AND SWITCHING WORK PROJECT.

LOC O0BJECT CODE

&
000067 0OC
000068 97F0 CG67
00006C 4700 CO82

00007C 97F0 CO6F
000074 47F0 CO82

ADDR1 ADDR2 STMT

0006D
00088

06075
00088

147
148
149
150
151
152
153
154
155
156
157

159
160
161
162
163
164
165
166
167
168
169

170
171
172
173
174
175
176
177
178
179
180
181

BRI R R R R TS

SOURCE STATEMENT

© 6000000 000000000000 0000000000000000000000000000060000000000000cc0ccsnsocs

ANSWER 9.3
THE INSTRUCTIONS WILL EXECUTE IN THE ORDER: 142y3414244+5.

THE FIRST TIME THE *TS*' IS EXECUTED, IT MAKES *BYTEO' EQUAL
X*FF'y BUT SINCE BITO OF 'BYTEO' WAS A *'0', THE CONDITION
CODE = 8, SO WE DON'T BRANCH AT INSTRUCTION # 2. ON THE NEXT
EXECUTION OF THE *TS', THE .CONDITIONS ARE REVERSED, AND WE
DO BRANCH TO '"WALKONBY?'. i e

FOBAPRTO

-+ .

3 36 3 36 3 3t 3 3 % 3 3t

3+ 3 3 # 3%

THE FOLLOWING TWO SAMPLES ARE SIMILAR TO THE TWO YOU WERE
JUST QUESTIONED ABOUT IN QUESTION 9.2, BUT NOTICE THAT THEY
USE THE 'EXCLUSIVE OR' INSTRUCTION TO ALTERNATE THE
CONDITION MASK IN THE SWITCH FROM O TO 15 AND BACK TO 0.

THIS EXAMPLE .CAUSES A BRANCH EACH ODD-NUMBERED TIME THAT

IT IS EXECUTED, ASSUMING OF COURSE, THAT THEY ARE BRANCHED
AT A LATER DATE. ) .

XI *+54X'FO"

8C 0,ADDRESS

AND THIS ONE BRANCHES EVERY EVEN-NUMBERED TIME.
XI *+54XTFO*

8C 15,ADDRESS

NOTICE THAT THE ONLY SIGNIFICANT DIFFERENCE BETWEEN THE TWO

SAMPLES IS THE INITIAL SETTING OF THE SWITCH'S CONDITION MASK.

PAGE 6
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00014700
00014800
00014900
00015000
00015100
00015200
00015300
00015400
00015500
00015600
00015700

00015900
00016000
00016100
00016200
00016300
00016400
00016500
00016600
00016700
00016800
00016900

00017000
00017100
00017200
00017300
00017400
00017500
00017600
00017700
00017800
00017900
00018000
00018100



BRANCHING AND SWITCHING WORK PROJECT. PAGE 7

LOC OBJECT CODE ADDR1 ADDR2 ° STMT SOURCE STATEMENT FOBAPRTD S/17/70
183 =* 00018300

184 * IF YOU HAVE BEEN SUCCESSFULLY FOLLOWING WHAT WE'VE BEEN 00018400

185 = DOING,y YOU HAVE A GOOD KNOWLEDGE OF HOW WE MAY ALTER 00018500

186 % BRANCH INSTRUCTION'S MASK TO CREATE A *''PROGRAM SWITCH''. 00018600

187 * 00018700

188 * O0.K. LOOK, IF YOU WILL, AT THE FOLLOWING TWO EXAMPLES. 00018800

189 * NOTE THAT THEY ARE SIMILAR TO THE LAST TWO IN THAT THEY 00018900

190 * MODIFY AN INSTRUCTION. HOWEVER, THEY MODPIFY THE OPERATION 00019000

191 * CODE PORTION OF THE INSTRUCTION, WHERE THE PREVIOUS SAMPLES 00019100

192 * MODIFIED THE BRANCH CONDITION MASK. 00019200

193 **%*%x%kx%%x THE QUESTION BELOW IS DESIGNED TO HELP EXPLAIN THE CODE, SO 00019300

194 * ANSWER THE QUESTION NOW. 00019400

195 * 00019560

196 =* THIS ONE WILL BRANCH ONLY THE FIRST TIME IT IS EXECUTED. ' 00019600

000078 9706 CC72 06078 197 EXAMPLEl XI *46 - 00019700
00007C 4770 C082 00088 198 BC T,ADDRESS 0G0o19800
199 % 00019900

200 =% AND THIS ONE WILL BRANCH EVERY TIME BUT THE FIRST, 00020000

. 201 * ' 0002C100

000080 9706 CC7A 00080 202 : XI *46 00020200
000084 4780 C082 00088 203 BC 8,ADDRESS : 00020300
204 * 00020400

205 * 00020500

8 207 Fkfkfokkkkkkdokkiknxnkkkkk QUESTION 9.4 F¥dkioikkdkaiokfiokkkikkkkrkkiokekrkxkks 00020700
208 * ' 00020800

209 * --= FILL IN THE BLANKS. -=- 00020900

210 * 00021000

211 * ALL OF THE QUESTIONS IN THIS BLOCK REFER TO 'EXAMPLEL' ABOVE. 00021100

212 * 00021200

213 * IN ORDER TO UNDERSTAND WHAT HAPPENED IN THE LAST TWO 00021300

214 * EXAMPLES, IT IS NECESSARY TO BE ABLE TO SEE WHAT WAS DONE 00021400

215 = TO THEIR OPERATION CODES. CONSIDER WHAT WILL BE THE 00021500

216 * RESULT WHEN WE EXCLUSIVE OR THE °'XI* OP-CODE (X'97') 00021600

217 * WITH THE VALUE OF THE IMMEDIATE DATA IN THE INSTRUCTION cCc021700

218 * (X*'06%), THE CALCULATED RESULT IS X'__', WHICH IS THE 00021800

219 * OPERATION COUDE FOR THE INSTRUCTION. 00021900

220 * 00022000

221 * WHEN WE EXECUTE THE RESULYING INSTRUCTION, WHICH IS: 00022100

222 * 00622200

223 * _ *46 (SUBSTITUTE THE MNEMONIC FOR THE YOUR LAST 00022300

224 * ANSWER IN THIS 0P CODE FIELD.) 00022400

225 * ) 00022500

226 * WE CAN SEE THAT THE CONDITION CODE SETTING FOR THE NEW 00022600

227 * INSTRUCTION IS EQUAL YO __ AND THEREFORE, THE INSTRUCTION: 00022700

228 * C0022800

229 * B8C 7,ADDRESS 00022900

230 * 00023000

231 * -—-— CIRCLE THE CORRECT ONE --- 00023100

232 * 00023200

233 % WILL (BRANCH/NOT BRANCH) 00023300

234 * 00023400

235 skakodokodok ok sk o kool ok ek Skt e sk ool ootttk ook ook ok Sk ook ko solekioR ok sokkkkk - 00023500




LOC OBJECT CODE ADDR1 ADDR2

STMT

237
238
239
240
241
242
243
244
245
246
247
248
249
250

252
253
254
255
256
257
258
259
260
261
262
263
264
265
266

268
269

271
272
273
274
275
276
277
278

BRANCHING AND SWITCHING WORK PROJECT.

SOURCE STATEMENT FOBAPRTO
K i teseeeaoeeasoesesasesacocsseacascecsssseaseassasctecasncoscssstrastnsene
* ANSWER 9.4
*
* X'91' -= X'97¢ EXCLUSIVE OR'ED WITH X'06'.
* TEST UNDER MASK —- THE. INSTRUCTION WHOSE OP CODE = X'91°.
* TM =-- THE MNEMONIC FOR TEST UNDER MASK
* 0 (ZERO) =- THE CONDITION SET WHEN '¥ TM *,6 ** IS EXECUTED.
* NOT BRANCH =—- BECAUSE THE MASK VALUE OF 7 WILL NOT ALLOW
* THE BRANCH TO BE TAKEN, SINCE BOTH BITS 5 & 6
* ARE ZERQ IN THE OP CODE.
*
sk sdokkkk WHEN YOU REACH THIS POINT, DISPLAY THE GREEN SIDE OF THE
* "ANSWER CUE".
*
&
* THE PRECEEDING WERE HOPEFULLY INTERESTING AND WERE COMPLETELY
* VALID METHODS OF I[MPLEMENTING ''PROGRAM SWITCHES''. BUT,
* THEY HAVE ONE MAJOR DRAWBACK, WHICH WE WILL NOW EXAMINE.
*
* IN THE SECTION ON SUBROUTINE USAGE, WE DISCUSSED SOME
* PROGRAM ATTRIBUTES, WHICH WE CALLED: NON-REUSABLE,
* SERIALLY REUSABLE, RE-ENTRANT, AND REFRESHABLE. THE EXISTENCE
* OF ALL 4 OF THESE WAS DETERMINED ON THE BASIS OF WHETHER OR
* NOT THE PROGRAMMER DID ANY DIRECT MODIFICATION OF THE
* STORAGE ALLOCATED TO HIS PROGRAM.
*
* IF YOU CONSIDER WHAT WE HAVE DONE IN ALL THE PRECEEDING
* EXAMPLES, YOU WILL NOTICE THAT EACH ONE MODIFIED NOT JUST
* A CONSTANT, BUT THE CODE ITSELF. AN OBVIOUS VIOLATION
* OF RE-ENTRANCE, AND, IF NOT PROPERLY INITIALIZED,
* A VIOLATION OF EVEN REUSABILITY.
*
* IF ¥0U DO NOT RECALL THE MEANING OF THE TERMS
* 'REUSABLE' AND "RE-ENTRANT', NOW WOULD BE A GOOD
* TIME TO GO BACK TO THOSE NOTES YOU TOOK IN THE
* SUBROUTINE USAGE SECTION, OR BUG YOUR INSTRUCTOR
* AND HAVE HIM EXPLAIN THE CONCEPT TO YOU.
* \
* GO AHEAD, I'LL WAIT HERE FOR YOU...
%*
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00023700
00023800
00023900
00024000
00024100
00024200
00024300
00024400
00024500
00024600
00024700
00024800
00024900
00025000

00025200
00025300
00025400
00C25500
00025600
00025760
00025800
00025900
G0026000-
00026100
00026200
00026300
00026400
00026500
00026600
00026700
00026800
00026900
00027000
00027100
00027200
00027300
00027400
00027500
00027600
00027700
00027800




8z

LocC

000088
ocooss
00008A
00008C
000090
200094
000098
©0009C
0000AC
0000A4
C000A8

BRANCHING AND SWITCHING WORK PROJECT.

OBJECT CODE

1BEE

18FE

44F0 CGA2
56E0 CG9A
4T7F0 CO84
54EQ COSE
47F0 COA6
000C00FC
0000000F
4700 CO092

ADDR1 ADDR2

000A8
000AO
0008A
00CA4
CoGAC

00098

STMT

280
281
282
283
284
285
286
287
288
289
290

291 -

292
293
294
295
296
297
298
299
300
3C1
302
303
304
305
306
307
308
309
310

312
313
314
315
316
317
318
319
320
321
322

SOURCE STATEMENT FOBAPRT0
*.
*
* IN ORDER TO MAKE OUR PROGRAM 'RE-ENTRANT', WE WOULD HAVE
* TO GET BY WITH SOME OTHER MEANS OF MODIFYING THE PROGRAM
* SWITCH, WHICH, IN THIS CASE, CANNOT BE A STORAGE LUCATION.
*
* SEEM LIKE AN IMPOSSIBLE TASK ? FORTUNATELY, IT IS NOT.
* DEEP DOWN IN OUR BAG OF TRICKS WE FIND THE VERY VERSATILE
* EXECUTE INSTRUCTION, WHICH, AS YOU RECALL, GIVES THE
* COMPUTER THE IMPRESSION THAT WE HAVE MODIFIED AN INSTRUC TION
* ALTHOUGH WE KNOW THAT THE INSTRUCTION NEVER CHANGED.
* CHANGE, LIKE BEAUTY, IS IN THE EYE OF THE BEHOLDER.
* BEHOLD THEN, THE FOLLOWING EXAMPLE, WHICH IS "SWITCH' (FROM
* QUESTION 9.1) ALL OVER AGAIN, BUT IT 1S RE-ENTRANT THIS TIME.
*
*
ADDRESS EQU  *
SR l4y14
PICKUP15 LR 15,14 1
EX 15, SWITCH3 2
0 14,F240 3
8 PICKUPL5 4
DCNTDNME N 14,F15 5
8 SWITCH3+4 6
F240 DC F1240°
F15 DC Fri5e
SWITCH3 BC 0, DONTDOME
*
* THIS SAMPLE IS NOT INTENDED TO BE A PARTICULARLY GOGD
* CODING EXAMPLE, BUT IT SERVES TO ILLUSTRATE A POINT.
A

s gt dete sk e gk e g ok gk ok ok 0k kk QUESTION 9.5 skoksoskokss kakiossdokok ok s dok dedodok ok ko kok

* 3 3 3% 3t

e s e o s ok e s ok e et o i e e R ek AR R e o o R o K et ok ok o Rk ok ok sk K R SR R SR R R kK

*
*
*

e et e st fe s o e ok e o e s e st o e S ok o e e o o g o e sl ke o e e e o e ol ke e ke sk s e e ol ok ok ok ok ok ok ok

TO INSURE THAT YOU SEE THE SIMILARITY, DETERMINE THE ORDER
IN WHICH THE INSTRUCTIONS IN THE EXAMPLE ABOVE WILL BE
EXECUTED AND WRITE THEM BELOW BEFORE GOING ON TO THE NEXT
PAGE. ASSUME THAT THE SR 14,14 IS EXECUTED FIRST, BUT DON'T
WORRY ABOUT IT'S NOT HAVING A NUMBER.

PAGE 9
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00028000
00028100
00028200
00028300
00028400
00028500
00028600
00028700
00028800
00028900
00029000
00029100
00029200
00029300
00029400
00029500
00029600
00029700
00029800
00029900
0003GCC0
00030100
00030200
0003G300
00030400
00030500
00030600
0003G700
00030800
00030900
00031000

00031200
00031300
00031400
00031500
00031600
00031700
00031800
00031900
00032000
00032100
00032200




LocC

C000AC
0000BO

000084
0cooBé6
co00BA
0000BE
0000BF
0000CO
0000C1
0000C2
0000C6
0000C6

0000C8

BRANCHING AND SWITCHING WORK PROJECT.

OBJECT CGDE

4120
4130

1923
44F0
4TFO

40
20
00
4700

1A32

000A
0014

cosC
cocz

coCco

ADDR1 ADDR2

0000A
00014

0oocz2
ooocs

000Ce

STMT

324
325
326
327
328
329
330
331
332
333
334
335

337
338
339
340
341

343

345
346
347
348
349
350
351
352
353

354
355
356
357
358
359

I E R R EEEEE R R

SOURCE STATEMENT

FO8APRTO

K e seess00socacsseosecsssecsoscsscesscecccsscsccscscsoccoscsesocsscsosssscocccsnocoe

e e ekl e ook 3ok okotoR R EOROKRR KK QUESTION Qo6  deaksksiood e sk o sdeofoe st ok e ook 6 ook ok 36 o e ook o s

%*
*
*
*
*
*

MASK1
MASK2
MASK3

BRANCH
ALOWER

*
*
AHIGHER

ANSWER 9.5

THE INSTRUCTIONS WILL EXECUTE IN THE ORDER: 1429344,1

129546

REALIZE,y OF COURSEs THAT WITH EACH EXECUTION OF THE EXECUTE

INSTRUCTION, THAT THE INSTRUCTION LABELED

'SWITCH3' W

AS ALSO

EXECUTED. BECAUSE THE EFFECTIVE MASK WAS FIRST EQUAL TO O AND
THEN CHANGED TO 15, THE BRANCH FIRST FAILED AND THEN

TAKEN THE SECOND TIME IT WAS EXECUTED.

IN THE FOLLOWING CODEy WHICH BYTE, (*MASKL',*MASK2' OR
SHOULD I INSERT INTO REGISTER 15 IN ORDER TO BRANCH TO

LOCATION *ALOWER® ?

WAS

© 000 0000000000000 0000000000000000000000000000000600600000000000ccnscsssos

*MASK3¢')

e S e e s e s o e o o e e e ok e o ok e ke e shesfe e e e ke e ke e e e e e e e ok ol e ek 3k i o i ok 3 o e o e e ok o e o 3R KR R X ok R R R

ERENT

LA 2+10

LA 3,20 CEEEEEELEEEEEEELEEEEEEEEELEER

IC 15y__ . <K==—==—- & WRITE IN THE FIELD NAME &

CR 2+3 & (MASK1l, MASK2 OR MASK3). &

EX 15, BRANCH GEEEEEEGELEEEEEEELEELEELELERE

B AHIGHER

DC x*80*

DC X' 40"

DC Xv20"

BC 0,ALOWER

EQU *

AR 342 JUST A FILL INSTRUCTION TO MAKE
*ALOWER®* AND *AHIGHER®' DIFF
LOCATIONS.

EQU *

PAGE 10
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00032400
00032500
00032600
00032700
00032800
00032900
00033000
00033100
00033200
00033300
00033400
00033500

0C033700
00033800
00033900
00034C00
00034100
06034200
00034300

00034500
00034600
00034700
00034800
00034900
00035000
00¢35100
00035200
00035300

00035400
00035500
00035600
00035700
00035800
00035900




BRANCHING AND SWITCHING WORK PROJECT. PAGE 11
LNC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FO8APRTO 9/17/70
361l ¥eeesesecceecsesnsscsrscrsctessecssesscscnscsssscscesssscsssvrcssccanssscse 00036100
362 * ANSWER 9.6 06036200
363 * 00036300
364 * IC 154 MASK2 - 00036400
365 * 00036500
366 * THIS SETS UP THE BRANCH TO APPEAR AS BC 4,ALOWER 00036600
367 % ANDy SINCE 10 IS LOWER THAN 20, NATURE TAKES IT*'S PROPER 00036700
368 * COURSE. C0036800
369 * 00036900
370 *%kkkkxx% WHEN YOU REACH THIS POINT, DISPLAY THE BLUE SIDE OF YOUR 00037000
371 * "ANSWER CUE". 00037100
372 ¥eeoeoesvoosecsocacsotcscsosssosescsssscsscsasssscaseascscsosseascscnacccssces 00037200
374 * 00037400
375 * 00037500
376 * GOOD ENOUGH, THAT CONCLUDES THE PORTION ON THE USE OF 00037600
377 * PROGRAM SWITCHES. THE BALANCE OF THIS PROJECT WILL BE 00037700
378 * DEVOTED TO ILLUSTRATIONS OF OTHER WAYS IN WHICH BRANCH 00037800
379 * INSTRUCTIONS ARE COMMONLY USED. 00037900
380 * 00038000
381 * BACK IN THE PROJECT ON *'SUBROUTINE USAGE'', WE USED A 00038100
382 * SUBROUTINE THAT RETURNED A CODE IN REGISTER 15 TO INDICATE 00038200
g 383 * JUST HOW SUCCESSFUL IT WAS IN FULFILLING THE JOB THAT WE HAD 00038300
384 * CALLED ON IT TO DO. REMEMBER 2?2777 00038400
385 * 000385G0
386 * IF YOU FORGOT, NOW WOULD BE A GOOD TIME TO REFRESH YOUR 00038600
387 * MEMORY BY GOING BACK AND TAKING A LOOK AT THE PROLOGUE 00038700
388 * FOR THE EXPONENTIATION SUBROUTINE. 000388C0
389 * 00038900
390 * 0003900¢C

0000C8 47FO0 C19E 0C1A4 391 B LOCATION BRANCH AROUND THE B8XH CODE... 00039100




Loc

oooocC
0000CE

c000D2
0000D6
0000DA
CO000DE
0000E2

0000E2
C000E6
000O0EA
SOOOOEE

O000EE
0000F2
0000F6
0000FA

DECISION MAKING WITH BRANCH TABLES.

OBJECT CODE

12FF
4770

59F0
4780
59F0
4780

59F0
4720
4740

4TFF
4TFO

cooc

C21A
C120
CzlE
COE8

C2lE
cCcDC
Cl20

COEC
C120

4TFO COES8

000E2

00220
00126
00224
00CEE

00224
000E2
00126

000F2
00126
OOOEE

ADDR1 ADDR2 STMT

393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444

SOURCE STATEMENT FOBAPRTO
*
* GOOD, NOW THAT YDU REMEMBER THAT, REMEMBER ALSO THAT WE
* TESTED THE COMPLETION CODE USING SOMETHING LIKE THIS:
*
LTR 15,15
BNZ  PHODEY
*
* THE PROBLEM WITH THIS METHOD OF TESTING IS THAT IT HAS NO
* WAY OF DISTINGUISHING THE DEGREE OF FAILURE THAT OCCURRED
* WHEN WE USED THE SUBROUTINE.
*
* 0.K.s YOU MIGHT SAY, WE COULD USE A COMPARISON OPERATION
* AND TEST THE VALUE OF THE RETURN CODE. CONSIDER:
C 15,=F'0"
BE GOODASAU
C 15,=F 1 4¢
BE HALFGOOD
PHOOEY  EQU  *
%*
* OR, MORE IDEALLY,
s
o 15,=F* 4"
BH PHOOEY
BL GOODASAU
HALFGOOD EQU  *
&
* ALL THINGS BEING EQUAL, THE AVERAGE PROGRAMMER MIGHT BE MORE
* INCLINED TO USE SOMETHING CALLED A **BRANCH TABLE'®, WHICH,
* AS YOU WILL SEE, IS JUST A BUNCH OF BRANCH INSTRUCTIONS
* ARRANGED SYSTEMATICALLY.
*
* HERE'S ONE THAT DOES THE SAME THING AS THE PRECEEDING
* EXAMPLES .
*
&
B BRTABLE(15)
BRTABLE B GOODAS AU RETURN CODE = 0
B HALFGOOD RETURN CODE = 4
BADBAD EQU  * RETURN CODE = 8
sk
* BECAUSE THE USE OF THE BRANCH TABLE IS SO COMMON, IT
* HAS ALMOST BECOME A CONVENTION FOR SUBROUTINES TO RETURN
* CODES WHICH ARE MULTIPLES OF 4 (THE LENGTH OF THE BRANCH
* INSTRUCTION) .
sk
* NOTICE THAT ALTHOUGH THE CODE FOR THE SAMPLE CALLED
* 'BRTABLE' USES AS MANY BYTES OF CORE AS THE SAMPLE BEFORE IT,
#* THE AMOUNT OF CODE TO TEST FOR MORE RETURN CODES GROWS
* ONLY SLIGHTLY FOR THE BRANCH TABLE (4 BYTES TIMES THE NUMBER
- OF CODES TO BE RETURNED).
*
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00039300
00039400

- 00039500

00039600
00039700
00039860
00039900
00040000
00040100
00040200
00040300
00040400
00040500
00040600
00040700
00040800
00040900
00041000
00041100
00041200
00041300
00041400
00041500
00041600
0C041700
00041800
00041900
00042000
00042100
00042200
00042300
00042400
00042500
00042600
0C042700
00042800
00042900
00043000
00043100
00043200
00043300
00043400
00043500
00043600
00043700
00043800
00043900
00044000
00044100
00044200
00044300
00044400

~




DECISION MAKING WITH BRANCH TABLES. PAGE 13

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FO8APRTO 9/17/70

446 F¥okdokkdkkokkokkaokdokkdokkdokkkk QUESTION 9,7 ¥dkdiiokkkiiokiiokik sk kkkkxkxxkks®xkx 00044600

447 * 00044700

448 * OKy THE CONCEPT OF THE BRANCH TABLE IS RATHER SIMPLE, SO, 00044800

449 * BY NOW, YOU MUST BE READY FOR A QUESTION ABOUT ONE. 00044900

450 * . 000450006

451 * IN THE FOLLOWING, WHAT MUST THE RETURN CODE BE TO CAUSE US 00045100

452 * TO BRANCH TO *BLEAH' ? 00045200

453 Aotk oo e oo e stoofe ko ol o e ok e e sl e ke ok sk ok ok Rk kR ko ROk ROk Rk R Rk ko ok ok 00045300

454 % 00045400

455 * 00045500

456 * 00045600

G5 T ek et o oo e oo afe sk o e ok e ks e e e stk e e e e ket kol ok sk gk ok ok ook Rk R R RoRR R % 00045700

0000FA 47FF COF4 000FA 459 BTABLE B BTABLE(15) 00045900
0000FE 4TFO0 Cl120 00126 460 B cooLcaooL 00046000
€00102 47FC C120 00126 461 B CLOSE 00046100
000106 47F0 Cl20 00126 462 B ENUF4JAZ 00046200
00010A 47F0 C120 00126 463 B MEDIOCRE : 00046300
00010E &47F0 Cl20 00126 464 B GETSCOLD 00046400
000112 47F0 C120 00126 465 8 HALFPAST 00046500
000116 47FC Cl20 00126 466 B BLEAH 00046600
00011A 47F0 C120 00126 467 B Y ECHHH 000467G0
8 00011E 47FC C120 00126 468 B ROTTEN 00046800
000122 47FC Cl20C 00126 469 B DISASTER . 00046900




osct;rdu MAKING WITH BRANCH TABLES. o , PAGE 14
e "
Loc ~DBJECT CODE  ADDR1 ADDR2 STMT  SOURCE STATEMENT ' FOBAPRTO  9/1T/70
4 i : 471 *...'..O......'.“.........‘.“..."0..'0.'...0'0..0.....0.0.....0‘.!'0 00047100
472 * ANSWER 9.7 00047200
473 * 00047300
474 * THE RETURN CODE MUST BE EQUAL TO 28. 00047400
475 * 00047500
476 * IF YOU GET ANYTHING ELSE, GO BACK AND LOOK AT THE TABLE 00047600
477 * AGAIN. OH YESes WHEN YOU LOOK BACK AT IV, ALSO ANSWER ~ 00047700
478 * QUESTION 9.8. ' 00047800
479 * 00047900
480 Keoeeeooscesossscossvecssosesosssssscessscssssssacsasssssccscsscesscscecss 00048000

482 *Ekxkurkkkiskikkkkhherrirs QUESTION 9.8 #*xxsdskiiikkxkiksrkknsirxsusxs 00048200

483 * 00048300
484 * LOOK AT THE FIRST INSTRUCTION. IS VHERE ANYTHING ABOUT IT 00048400
485 * THAT WOULD MAKE IT BEHAVE INCORRECTLY ? . 00048500
486 * 00048600
487 ki ktokkiookokkok Rk R kR KRR KRR Rk R Rk kKRR kR kR kR kR kR R E KK EXKX 00048700
488 * 00048800
489 * 00048900

490 kkEkdckkkkdkkkkkdkdkiokii ki Rk Rpkgkde kiR xR LRRERERRRRXERKKERKTXXEX 00049000




DECISION MAKING WITH BRANCH TABLES. PAGE 15

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FOBAPRT0 9/17/70
492 Feeesesecescsccesscecossseresssscsssiossccssccscascssscscasssscocsscccsssceses 00049200
493 * ANSWER 9.8 00049300
494 * 00049400
495 * THAT DEPENDS ON YOUR POINT OF VIEW. WHAT DOES HAPPEN IS THAT 00049500
496 * THE FIRST INSTRUCTION WILL LOOP FOREVER IF A CODE OF O IS 00049600
497 * RETURNED. AND REMEMBER, ZERO'WAS THE RETURN CODE FOR 00049700
498 * SUCCESSFUL COMPLETION. SO WE WOULD EXPECT A RETURN CODE OF 00049800
499 * ZERO NORMALLY, AND TO LOOP [F EVERYTHING GOES WELL IS NOT 00049900
500 * PARTICULARLY ADVANTAGEOUS, UNLESS OF COURSE, YOU CAN'T 00050000
501 * STAND PROSPERITY. 00050100
502 * 00050200
503 *x%k%k*kk%*k WHEN YOU GET HERE, ODISPLAY THE RED SIDE OF THE "ANSWER CUE"™. 00050300
504 * 00050400

505 ¥eeeoeoosoacsvssossocecscasssscccsssscsscscsscossssscssccscsasssnscccccasss 00050500

507 *GGEEEEEEEEGEEEaEEEEEEEEEEEEEEEEEEEEEELEEEELEEEELEEEELEELEELELEEEEEEEEE 00050700
508 * SKIP TO THE NEXT PAGE, THE EQUATES THAT FOLLOW ARE JUST TO 00050800
509 * KEEP THE NAMES I°'VE BEEN USING FROM COMING OUT UNRESOLVED. 00050900
510 *EGGEEEGEEEEEEEEEEEEEEEEEGEEEEEEEEEEEEREEEEEEEELEEEEELEEEEERELEEREEEEEE 00051000

2000126 512 GOODASAU EQU * You - . 00051200
000126 513 COOLCOOL EQU * MAY i . . 00051300
000126 514 CLOSE EQU * IGNORE 00051400
000126 515 ENUF4JAZ EQU * THESE, 00051500
000126 516 MEDIOCRE EQU * THEY 00051600
000126 517 GETSCOLD EQU * ARE 00051700
000126 518 HALFPAST EQU * ONLY HERE 00051800
000126 519 BLEAH EQU * T0 00051900
000126 520 YECHHH EQU * MAKE THE 00052000
000126 521 ROTTEN EQU * ASSEMBLER 00052100

* HAPPY . 00052200

000126 522 DISASTER EQU




BXH AND BXLE FOR PROGRAM LOGIC CONTROL.

LOC OBJECT CODE

000126 8634 Cl24

ADDR1 ADDR2

0012A

STMT

524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567

569

571
572
573
574
575
576
577

SOURCE STATEMENT : FOBAPRTO

3603 3 3 36 30 3 36 3t 36 3 36 36 38 3 36 36 3 36 36 3t 36 3 36 36 3t 36 36 3 36 36 Gp 3 3 3 3 3t 3 3 3 36 3t 3 #

NOW WE MOVE ON TO ONE OF THE MORE EXOTIC INSTRUCTIONS CALLED
*BRANCH ON INDEX HIGH' OR BXH, AND ITS RELATIVE *BRANCH ON
INDEX LOW OR EQUAL' OR BXLE. THE WAY THAT I'M GOING TO USE
THESE TWO INSTRUCTIONS HERE IS PROBABLY NOT THE WAY THEY
WERE INTENDED TO BE USED,s BUT IT TURNS OUT TO BE QUITE

HANDY AND RAPIDLY GAINING IN POPULARITY.

LEY US FIRST EXAMINE THE OPERATION OF THE INSTRUCTION IN IT'*S
LEAST INVOLVED FORM.
THE INSTRUCTION FORMAT ISeeeee

BXH REGAJREGByLOCATION

IT IS INTUITIVELY OBVIOQUS TO THE MOST CASUAL OBSERVER THAT
THERE ARE TWO REGISTERS USED IN THE BXH INSTRUCTION, RIGHT ??

WRONG ... THAT WILL TEACH YOU TO ONLY CASUALLY OBSERVE.

THE SECOND OPERAND 'REGB' USUALLY ADDRESSES AN EVEN NUMBERED
REGISTERy AND WHEN IT DOESy THE NEXT HIGHER ODD REGISTER
ALSO GETS INCLUDED IN THE ACTION.

LETS SEE, THAT GIVES US THREE REGISTERS NAMED REGA, REGB

AND REGB+1. FUNCTIONALLY (BASED UPON WHAT THEY DO), WE

MIGHT CALL THESE REGISTERS BY THE FOLLOWING NAMES.

REGA IS CALLED THE 'INDEX'.

REGB WE WILL CALL THE 'INCREMENT', BECAUSE IT IT USED TO
INCREASE THE VALUE IN REGA.

REGB+1 IS THE 'COMPARAND' BECAUSE IT WILL BE COMPARED TO
THE ' INDEX®.

SO, THE BXH WORKS LIKE THIS:
1) THE *INCREMENT®' IS ADDED TO THE 'INDEX'.
*REGA' = 'REGA' + 'REGB®

2) THE NEW 'INDEX' VALUE IS COMPARED TO THE 'COMPARAND'.

*REGA' ? 'REGB+1" (? MEANS COMPARED AGAINST)

3) IF THE NEW *INDEX' IS HIGHER, WE TAKE THE BRANCH.
IF *REGA' > "REGB+1', BRANCH.

READ THAT OVER AGAIN TO BE CERTAIN THAT IT IS CLEAR,
THEN ANSWER THE FOLLOWING.

ok ok Rk Rk ok ok ok R koo Rk QUESTION 9.9 skt ook s sk ook 36 ook e ook e ook ke e e
570 *

*
*
*

REGISTER 3 CONTAINS 250.
REGISTER &4 CONTAINS 25.
REGISTER 5 CONTAINS 275.
IF I EXECUTE THE FOLLOWING, WILL WE BRANCH TO 'INDEX3HI' ?

ke i s ek e et st e o e e oo i e ook i oKk s ok e o o s ke ok ok o e ok sk oo ok o S ok ko ok Rk e sk ko ok

%

oo e o ek e ok ook o e o e e R S ook ek e o ook ko o ik o e oo o ok ek ok i ok e stk st ok e ok ok e sk ok

BXH 3,4, INDEX3HI
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00052400
00052500
00052600
00052700
00052800
00052900
00053000
00053100
00053200
00053300
00053400
00053500
00053600
00053700
00053800
00053900
00054000
00054100
00054200
00054300
00054400
00054500
C00546C0
00054700
00054800
00054900
00055000
00055100
00055200
00055300
00055400
00055500
00055600
00055700
00055800
00055900
00056000
00056100
00056200
00056300
00056400
00056500
00056600
00056700

00056500
00057000
00057100
00057200
00057300
00057400
00057500
00057600
00057700




BXH AND BXLE FOR PROGRAM LOGIC CONTROL.

LOC OBJECT CODE

00012A

00012A 8634 Cl28

ADDR1 ADDR2

0012E

STMT

579
580
581
582
583
584
585

587
588
589

591
592
593
594
595
596
597
598
599

SOURCE STATEMENT FOBAPRTO
4 e eeeeeeaceceacetenaseeeceetacteteastetatcestattettatasarartaseneesas
* ANSWER 9.9
*

* NO, BECAUSE 250 + 25 IS NOT HIGHER THAN 275.
* REG3 + REG4 IS NOT HIGHER THAN REG 5.

K oooseoaessoscescsosssscsacscosossoscsccssscocsssssssccssescssscsccssoscssscssnse

INDEX3HI EQU *

e ook ok Rk Rk ARk Rk R kR QUESTION 9,10 sdesdotik stk deo ol e ool ook ot ok

ALL RIGHT, JUST FOR DRILL, WE'LL TRY ANOTHER ONE. GIVEN
THE FOLLOWING REGISTER CONTENTS,

REGISTER 3 CONTAINS 12345.

REGISTER 4 CONTAINS -1224.

REGISTER 5 CONTAINS 11111.

IF I EXECUTE THE FOLLOWING, WILL I BRANCH TO "INDEX3AI' ?

IR E R E XN

3 3 e ok % % % e Ak ok ok e e e e ek ok ok A e e e ok e e e e {3 o ok ofe o ofe e e e e K e 3R R e R R i kR e e o o R ek ok ek R R R R R R K

*

e sk ek e 4 %0 3k 3 3 3 e ok 3 3k ek o 3k Ak o e e e e e ot e o e e e g 3k 3 o o e 5k 5k 3 ok ok e e ok R iR e R R R e e R R R R R KRR
BXH 39449 INDEX3AI
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00057900
00058000
00058100
00058200
00058300
00058400
C0058500

00058700
00058800
00058900
00059000
00059100
00059200
00059300
00059400
00059500
00059600
00059700
00059800
00059900




BXH AND BXLE FOR PROGRAM LOGIC CONTROL. PAGE 18

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FO8APRTO 9/17/70
601 ®oeoeeosassceoasososscssesccscssoscssssoscscacscaccscasccscsescssscsscsccsess 00060100

602 * ANSWER 9.10 00060200

603 * 00060300

604 * YES, BECAUSE 12345 + (-1224) IS HIGHER THAN 11111.(IT = 11121) 00060400

605 * REG.3 + REG.4 IS HIGHER THAN REG.5. 00060500

606 *eeeoeeseoescecsscsssososscsososscosssccscssscssasscesscsssscssssscscscessss 00060600

00012E 607 INDEX3AI EQU * 00060700
609 * 00060900

610 * 00061060

611 * FIRST VARIATION ON A THEME. 00061100

612 * . 00061200

613 * BXH REGAWREGByLOCATION 00061300

614 * 00061400

615 * SUPPOSE WE WERE TO USE AN ODD-NUMBERED REGISTER FOR REGB. 00061500

616 * IN SO DOINGy REGB+1 IS NO LONGER ODD AND THE BXH OPERATION 00061600

617 * CHANGES SLIGHTLY. 0G061700

618 * 00061800

619 * IF THE SECOND OPERAND IS AN ODD—-NUMBERED REGISTERy IT BECOMES 00061900

620 * BOTH 'INCREMENT® AND 'COMPARAND®' AND THE INSTRUCTION GOES 00062000

621 * ON AS BEFCRE. 00C621CO

622 * 00062200

@ 623 * 1."REGA' = *REGA' + 'REGB' 00062300
N 624 * 2."REGA' ? 'REGB?® (? MEANS IS COMPARED AGAINST) 00062400
625 * 3.IF 'REGA' > 'REGB', BRANCH. 00062500

626 * 00062600

627 * 00062700

629 ok dkdok kiR Rk kRKKkE QUESTION 9. 11 *dksoksktokiik folikkfopopktdokakk sk 00062900

630 * GIVEN: REGISTER -4 CONTAINS 25G. 00063000
631 * REGISTER 5 CONTAINS 25. 00063100
632 * 00063200
633 * IF I EXECUTE THE FOLLOWING, WILL I BRANCH TO *INDEX4HI®' ? 00063300
634 Hokddk kR Aok sk sk kol ek e s e stk el o Xk st ok e ol R R K R oK R Ok R SR ORIk ok R okokok R kk 00063400
635 * 00063500
636 * 00063600

63T Hskdok skdok ok dok ok o sk e ook o o e e e g ko ok ok 3kaRoR dokok ook ok Sk R R R R R Rk Rk sok IR Rk RxE k% 00063T7C0
Z0012E 8645 Cl1l2C 00132 638 BXH 49549 INDEX4HI . . 00063800




BXH AND BXLE FOR PROGRAM LOGIC CONTROL. PAGE 19

LOC OBJECT CODE ADDR1 ADDR2- STMT SOURCE STATEMENT FOBAPRTO 9/17/70

640 Feoeeeseovtesescsssossscscrscssocscssssessessssccctscccacsscscscssscsccssncccss 000640600
641 * ANSWER 9.11 00064100
642 * . 00064200
643 * YES, BECAUSE REG4 + REGS IS HIGHER THAN REGS. 00064300
644 * 250 + 25 IS HIGHER THAN 25. 00064400
645 ®eoeeeesessesccscsosccscrsacesocsscrsesssscacsscscensssscssscsacscssccsase 00064500
C00132 . 646 INDEX4HI EQU * 00064600
648 * 00064800
649 * SECOND AND FINAL VARIATION ON A THEME. 00064900
650 * 00065000
651 * NOW WE GET TO THE REAL FUNeeeooo 00065100
652 * 00065200
653 * IF WE WERE TO MAKE REGA EQUAL REGB, AND MAKE (IT/THEM) 0DD 00065300
654 * AT THE SAME TIME, THE ONE REGISTER WOULD BE 'INDEX®, 00065400
655 * *INCREMENT' AND 'COMPARAND' AND EVERYTHING WOULD PROCEED 00065500
656 * JUST AS BEFORE. 00065600
657 * 1) THE 'INDEX* IS ADDED TO THE *INCREMENT'. 00065700
658 * 2) THE NEW INDEX VALUE IS COMPARED TO THE 'COMPARAND'. 00065800
659 * 3) IF THE 'INDEX®* IS HIGHER THAN THE 'COMPARAND', WE BRANCH. 00065900
660 * 00066000
661 * HA HA YOU SCOFF, IF YOU ADD SOMETHING TO ITSELF IT MUST 00066100
8 - 662 * BE HIGHER THAN IT WAS AND YOU WOULD ALWAYS BRANCHy RIGHT ? 00066200
663 * 00066300
664 * WRONG ... DO YOUR SCOFFING ON YOUR OWN TIME, LETS BE 000664GC0
665 * SERIOUS AND REALLY DIG INTO THIS INSTRUCTION. 00066500
666 * 00066600
667 * THE ADDITION THAT WE DO IS ALGEBRAIC, BUT NO OVERFLOW 00066700
668 * INDICATION IS GIVEN. THE KEY TO WHAT IS ABOUT TO HAPPEN 00066800
669 * IS THAT THE SIGN BIT MAY BE CHANGED DURING THE OPERATION 00066900
670 * AND SINCE THE ALGEBRAIC COMPARISON IS MADE WITHOUT TESTING 00067000
671 * FOR OVERFLOW, A PREVIOUSLY POSITIVE NUMBER MAY HAVE JUST 00067100
672 * CHANGED TO A NEGATIVE ONE, IF OVERFLOW OCCURS. 0G067200
673 * 00067300
674 * SOME CHINESE PHILOSOPHER CLAIMED THAT A PICTURE IS WORTH 00067400
675 * A THOUSAND WORDS, LET ME SEE IF THAT IS TRUE. LOOK AT THE 00067500
676 * FOLLOWING EXAMPLE OF THE EXECUTION OF THIS INSTRUCTION. 00067600
677 * 00067700
000132 8633 C19E 001A4 678 BXH 3+3,LOCATION 00067800

00067900

o
~
o]

3




BXH AND BXLE FOR PROGRAM LOGIC CONTROL. PAGE 20
LOC O0BJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FOBAPRTO 9/717/7¢C
681 *************************#**#**********#*******************************'00068100

682 * 00068200

683 * ASSUME THAT REGISTER 3 CONTAINS THE FOLLOWING BINARY VALUE. 00068300

684 * ' . 00068400

685 * BIT NUMBER 012345 10 20 31 000685C0

686 * REGISTER 3 = 01100111001111010010011101101001 00068600

687 * 00068700

688 * WHEN WE EXECUTE: 000688C0

000136 8633 C19E 001A4 689 BXH 3,3,LOCATION 000689C0
690 * 000690G0

691 * REGISTER THREE GETS ADDED TO ITSELF: 00069100

692 * 00069200

693 * REGISTER 3 = 01100111001111010010011101101001 00069300

694 * PLUS REGISTER 3 = 01100111001111010010011101101001 00069400

695 * 00069500

696 * EQUALS NEW REG. 2 = 11601110011110100100111011010010 00069600

697 * WHICH IS MERELY THE OLD VALUE SHIFTED LEFT ONE BIT POSITION. 0006970C

698 * BUT WE ARE NOT FINISHED EXECUTING THE INSTRUCTION YET, SO: c00698CC

699 * 00069900

700 * OLD REG. 3 = 01100111001111010010011101101001 00070000

701 * COMPARED TO 00070100

702 * NEW REG. 3 = 11001110011110100100111011010010 00070200

703 * YIELDS: 00070300

704 * THE NEW VALUE OF REGISTER 3 IS LOWER THAN THE OLD VALUE 00070400

b3 705 * OF REGISTER THREE, SO WE DO NOT BRANCH. 00070500
T06 * 00070600

707 * "WHAT THE HECK ??", YOU INQUIRE POLITELY. 00070700

708 * "ELEMENTARY, MY DEAR WHATSIS ", I REPLY, "REGISTER 3 IS LUwWER 00070800

709 * NOW BECAUSE IT HAS GONE NEGATIVE WHEN THE '1' IN BIT 00070900

710 * POSITION 1 GOT SHIFTED INTO POSITION O (THE SIGN BIT IN THE 00071000

711 * REGISTER) ", 00071100

T12 * 00071200

713 * 00071300

T15 sodksdokkdokdorkotokiorir QUESTION 9.12 kskaoissdsokkadokioiok skl kkkkkk®k 00071500

716 * 00071600
TL7 * IF WE WERE TO EXECUTE THE 00071700
00013A 8633 C19E 001A4 718 BXH  3,3,LOCATION 00071800
719 * INSTRUCTION AGAIN, USING THE LAST VALUE GIVEN IN THE EXAMPLE 00071900
720 * ABOVE, WOULD WE BRANCH TO 'LOCATION' THIS TIME ? 00072000
721 * 00072100
T 22 sk deof o of A sl sk s s sk ieeole e sfe e ol e o e e o i ok e e e ok 3o e e ok o e e e e ook ko ke ok R ok R ook Rkokok kR kkkkk 00072200
723 * ' 00072300
724 * 00072400
T 25 okl dodk ok 3k X Aok sk el e s e ol Aeafe sk e e e e ofe dfe e e i ok 3k i e i st ok e ok ek Soksiok i lok ok ok ok Rk ok e xokkk k% 00072500



BXH AND bBXLE FOR PROGRAM LGOGIC CONTROL. PAGE 21

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FOBAPRT0 9/17/70
T27 *eoeoeososesosscsosssasnssosssosssasvsasoscscascsscacsscnsscscassscscsescsssscses 00072700
728 * ANSWER 9.12 00072800
729 * 00072900
730 * NO, WE DO NOT BRANCH THIS TIME EITHER, BECAUSE A BIT WAS 00073000
731 * SHIFTED INTO THE SIGN POSITION MAKING THE RESULT NEGATIVE 00073100
732 * AGAIN. 00073200
733 * 00073300
734 * CONSIDER THIS MORE CLOSELY, SINCE THE TWO VALUES OF REGISTER 00073400
735 * 3 ARE NEGATIVE, THERE IS A CHANCE THAT THE NEW VALUE COULD 00073500
736 * BE HIGHER THAN THE OLD, AND MAYBE WE REALLY SHOULD BRANCH. 00073600
737 * 00073700
738 * ONE THING THAT YOU MUST REMEMBER, IS THAT OUR NEGATIVE NUMBER 00073800
739 * IN REGISTER 3 IS IN TWO'S COMPLEMENT FORM AND AS SUCH IS 00073900
740 * MORE *NEGATIVE®* THAN IT USED TO BE. 00074G00
T41 * 00074100
T42 * 'VISUALLY: 00074200
743 * 00074300
T44 * OLD REGISTER 3 = 11001110011110100100111011010010 00074400
745 * 2'S COMPLEMENT = 00110001100001011011000100101110 (MINUS) 00074500
746 * 00074600
747 * NEW REGISTER 3 = 10011100111101001001110110100100 00074700
748 * 2'S COMPLEMENT = 01100011000010110110001001C11100 (MINUS) 00074800
749 * 00074900
750 * BECAUSE THE NEW VALUE IS FARTHER AWAY FROM ZERO THAN THE OLD 00075000

3 751 * ( IN THE NEGATIVE DIRECTION ), IT IS ALGEBRAICALLY 00075100
752 * SMALLERy AND WE DON'T BRANCH. 00075200
753 * 00075300
TS 4 skl o e o e e e e e e e e e e e 3o e ok o ok e e e o o el e e o e ool e e e e ok R R Rk oROR R R Rk ko Rk kkkkkokk 00075400

756 sk dokdokdoookordokkRkk QUESTION 9.13 ®skksksdiskdofdoiorsof koo fdotoopao ok k%% 00075600

757 * 00075700
758 * NOW'S YOUR BIG CHANCE«oeeee LETS EXECUTE THE SAME 00075800
759 * INSTRUCTION ONE MORE TIME. AND SEE WHAT HAPPENS. 00075900
760 * ASSUME THAT REGISTER 3 CONTAINS THE SAME VALUE THAT WE 00076000
761 * LEFT OFF WITH IN THE LAST QUESTION. 00076100
762 * WILL WE BRANCH TO 'LOCATION®' THIS TIME ? 00076200
763 * 00076300
ThG sk deok ok A sk o e e sk e o e o e e e e b s ke o o e e ofe o e e e e e ook g ek ok R Rk Rk ROk ok kdork Rk ok Rk 00076400
765 * 00076500
766 * 00076600

TOT ek skt siese e oo skt ok e e sl e e e e e e e o e e ol e o o s ok e ek ok kol ok e ok sk R ok ok ok ok ke okkokk 00076700
00013E 8633 C19E 001A4 768 BXH 343,LOCATION . 00076800
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OBJECT CODE ADDR1 ADDR2

STMT

770
771
172
773
174
775
176
177
778
179
780

782
783
784
785

787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809

BXH AND BXLE FOR PROGRAM LOGIC CONTROL.

SOURCE STATEMENT FOBAPRTO

© 90 000000000000 0000000000000000006006000000060606c0600000000000c0scs0soccccancsose

K 4 e aaaateesasencasasnereseeeracansettcastasaosecisctecccecotasscsaacnnen
* ANSWER 9.13

*

* YES, THIS TIME WE BRANCH, BECAUSE THE SIGN BIT WILL CONTAIN
* A ZERO WHEN THE SHIFTING IS COMPLETED, AND THE RESULT IS

* POSITIVE AND HIGHER THAN THE PREVIOUS NEGATIVE NUMBER IN

* REGISTER 3. ,

* OLD REG. 3 = 10011100111101001001110110100100

* NEW REG. 3 = 00111001111010010011101101001000

*

*

IF WE WERE TO CARRY THIS OPERATION ONE STEP FARTHER, WE
WOULD SEE THAT THE NEXT SHIFT WOULD PUT A ZERO IN THE
SIGN AGAIN AND, BECAUSE THE NEW VALUE WOULD BE TWICE THE
OLDy WE WOULD BRANCH.

FROM WHAT WE HAVE OBSERVEDsy THEN, WE CAN DERIVE A RULE.

e e e ke e e sl e o o sk A oo e e e
% BXH AXIOM NUMBER 1 . *

e e o e e o o 3 e A g fe ke e ke e e e ok ok
WHENEVER WE EXECUTE A BXH INSTRUCTION OF THE FORM:
BXH ODDREG yODDREG,LOCATION
THE BRANCH TO "LOCATION®' WILL BE MADE ANY TIME THAT
A ZERD IS SHIFTED INTO THE SIGN POSITION, AND WE WILL
NOT BRANCH ANY TIME THAT A ONE-BIT IS SHIFTED INTO THE
SIGN POSITION OF THE REGISTER.
SO BE IT.

#¥kkkk®x NOW DISPLAY THE YELLOW SIDE OF THE '"ANSWER CUE".

3t 36 36 3 36 b 3F 3 3 36 3636 3 36 3 3F 3 36 3 3¢ 3F 2% 3 36 3t 3 3% 3¢
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00077000
00077100
00077200
00077300
00077400
00077500
00077600
00077700
00077800
00077900
00078C00

000782C0
00078300
00078400
00078500
00078600
00078700
00078800
00078900
00079000
00079100
0C079200
00079300
00079400
00079500
00079600
00079700
00079800
00079900
00080000
00080100
00080200
00080300
00080400
00080500
00080600
00080700
00080800
00080900



GEOMETRIC AREA COMPUTING ROUTINE USING BXH. PAGE 23

LOC OBJECT CODE ADDR1 ADDR2 ~ STMT SOURCE STATEMENT FO8APRTO 9717770

BLll *4++++++++++4+++4+++++ 444+ H+++ 44444ttt bbbttt btet4+4+444+ 00081100
812 * 00081200
813 * EARLIERy I SAID THAT THIS TECHNIQUE WAS GAINING IN POPULARITY, 00081300
814 * BUT I HAVEN'T REALLY SHOWN ANY REAL USE FOR THIS BXH 00081400
815 * INSTRUCTION, AT LEAST NOT IN THE WAY I*VE JUST DESCRIBED. 00081500
816 * WELL,y IT'S USED TO CONTROL LOGIC FLOW IN SOME PROGRAMS, WHERE 00081600
817 * THE SAME CODE MAY BE USED TO DO MANY THINGS. LOOK AT THE 00081700
818 * FOLLOWING PROGRAM, WHICH WILL FIND THE AREA OF A CIRCLE, 00081800
819 * A SQUARE, A TRIANGLEs A TRAPEZOIDy OR A RECTANGLE, 00081900
820 * DEPENDING UPON THE VALUE POINTED TO BY REGISTER 14. 00082000
821 * NJTICE THAT IT IS THE BXH INSTRUCTION THAT DOES ALL THE 00082100
822 * DECISION MAKING IN THE PROGRAM, 00082200
823 * 00082300
"824 ¥4+ttt bbbttt Rttt bbb AR E AR R4+ 00082400

826 kg ko e ok 3k e ok ok Ak ek ook ok ek e ok 3k 3 g o o sk o ok ek i e ot kool R R ROk SRS Rk R ok ok Rk ok ok kakokk k%% 00082600

827 = ON ENTRY TO THIS ROUTINE, THE USER MUST HAVE SET UP THE 00082700

828 * FOLLOWING FLOATING-PCINT REGISTERS WITH THE FOLLOWING VALUES, 00082800

829 * DEPENDING UPON THE DESIRED FUNCTION. ALSO, GENERAL REGISTER 00682900

830 * 14 WILL NEED TO POINT TO A HALF-WORD CONSTANT WHICH CONTAINS 00083000

831 =* THE INDICATED VALUE. THIS CONSTANT VALUE WILL BE USED TO 00083100

832 * OBTAIN A BIT PATTERN FROM A TABLE OF CONSTANTS. THE BITS IN 00083200

> 833 * THIS BIT PATTERN WILL GUIDE THE FLOW THROUGH THE ROUTINE, 00083300
N 834 * USING THE BXH INSTRUCTION. 00083400
835 * 00083500

836 * AREA OF: |F.P.REG O |F.P.REG 2 |F.P.REG 4| REG 14 =>DC H'N? 00083600

837 * + + + + - 00083700

838 * CIRCLE | DIAMETER [} N/A | N/ A 1 H'O* | ©0083800

839 x + + + + - 00083900

84C * SQUARE {SIDE | N/ A I N/A ] H2°* | 00084000

841 * + + + + ~ - 00084100

842 * RECTANGLE | LENGTH |WIDTH | N/A 1 H'4" ] 00084200

843 * + + + + -~ 00084300

844 * TRIANGLE [HEIGHT {BASE | N/A | H'6! | 00084400

845 * + + + + - 00084500

846 * TRAPEZOIDIHEIGHT | SHORT SIDEILCNG SIDE| H*8* [} 00084600

847 * + + + + c0084700

848 * 00084800

849 * FORMULAE USED: 00084500

850 * AREA CIRCLE = (DIAMETER/2)(DIAMETER/2) X 3.14159 00085000

851 * AREA SQUARE = SIDE X SIDE 00085100

852 * AREA RECTANGLE = LENGTH X WIDTH 00085200

853 % AREA TRIANGLE = (HEIGHT/2) X BASE 00085300

854 * AREA TRAPEZOID = (LONG SIDE + SHORT SIDE) X HEIGHT/2 00085400

855 * 00085500

856 sk sk ok ok ik e oo e otk s A RoOR SRl R R e ok R R R R R oK ROk ok R oR R R R kb ok kk 00085600

000000 858 RO EQU 0 FLOATING POINT REGISTER O 00085800
200001 859 R1 EQU 1 GENERAL PURPOSE REGISTER 1 00085900
000002 860 R2 EQU 2 FLOATING POINT REGISTER 2 00086000
000004 861 R4 EQU 4 FLOATING POINT REGISTER 4 00086100
00000E 862 R1l4 EQU 14 GENERAL PURPOSE REGISTER 14 00086200
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT T FOBAPRTO 9/17/70

000142 481E 0000 00000 864 AREAS LH R1,0(R14) PICK UP DISPLACEMENT INTO TABLE 00C86400

000146 4811 Cl6C 00172 865 LH R1yMSKTABLE(R1) OBTAIN MASK 00086500

00014A 8910 0010 00010 866 SLL R1s16 SHIFT TO BITS 0-15 IN REGISTER 1 0C086600

867 * 00086700

868 * THE FOLLOWING BRANCH IS CONTROLLED BY BIT *A®* IN THE MASK. 00086800

869 * 00086900

C0014E 8611 C1l4E 00154 870 BXH R14R14NOHALVE 00087000

000152 2400 871 . HDR ROyRO DIVIDE BY TWO 00087100

872 * 00087200

873 * THE FOLLOWING BRANCH IS CCNTROLLED BY BIT 'B'. 00087300

874 * 00087400

000154 8611 Cl54 0015A 875 NOHALVE BXH R1,4R14NOADD 00087500

000158 2A24 876 ADR R2+R4 ADD SIDE1 AND SIDE 2 (TRAPEZOID ONLY) 00087600

877 * . 00087700

878 * THE FOLLOWING BRANCH IS CCNTROLLED BY BIT *C°‘. 00087800

879 * 00087900

00015A 8611 C15A 00160 880 NOADD BXH R14+R14yNOSQUARE 00088000

CO0015E 2C00 881 MDR RO4RO SQUARE THE FACTOR 00088100

882 * 60088200

T 883 * THE FOLLOWING BRANCH IS CONTROLLED BY BIT *'D', 00088300

884 * 00088400

000160 8611 Cl60 00166 885 NOSQUARE BXH R14R14NOMLTPLY 00088500

000164 2C02 886 MDR ROsR2 : MULTIPLY TWO FACTORS 00088600

887 * 00Cc88700

& 888 * THE FOLLOWING BRANCH IS CONTROLLED BY BIT ‘E'. 00088800

889 * . 00088900

000166 8611 Clé68 0016E 890 NOMLTPLY BXH R1,4R14ALLFOLKS 00089000

00016A 6C00 Cl7A 00180 891 MD RO,PI MULTIPLY BY PI 00089100

00016E 47FE 0002 00002 892 ALLFOLKS B 2(R14) RETURN TO CALLER, ANSWER IS IN F.P.REG 0. 00089200

000172 894 MSKTABLE DS OH 00089400

895 *. ++t+t{~—===>—===-==THESE LETTERS CORRESPOND TO 00089500

896 * (RERR! THE BITS REFERRED TO IN QUOTES 00089600

897 * \AAAAY ( BIT *A' ), IN THE COMMENTS 00089700

898 * ~ABCDE--PADDING-- PRECEEDING THE BXH'S ABOVE. 00089800

000172 54FF 899 CIRCLE DC BL2'0101010011111111"* 00089900

000174 10FF 900 SQUARE DC BL2'0001000011111111°" 00090000

000176 O8FF 901 RECTNGLE DC BL2'0000100011111111° i 00090100

000178 0000 902 TRIANGLE OC 2X'0" YOU GET TO SET UP THIS ONE. 00090200

00017A 68FF 903 TRPEZOID DC BL2'0110100011111111"* 00090300
C0017C C0000000

000180 413243F3E0370CDD 904 PI DC D'3.14159" 00090400

|
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LOC O0BJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FO8APRTO 9/17/70

906 * 006090600

907 * 00090700

908 * TO SEE EXACTLY HOW THE ROUTINE WORKS, LET'S TAKE CONE OF THE 0009C800

909 * FIGURES THROUGH. FOR THE SAKE OF ARGUMENT, WE'LL TAKE THE 00090900

910 * CIRCLE, SINCE IT'S THE FIRST IN THE LIST. FIRSTs LET'S 00091000

911 * CONSIDER WHAT THE PROGRAMMER USING THE ROUTINE WOULD WRITE. 00091100

912 * 000912C0

000188 6800 Cl92 00198 913 LD ROy DIAMETER G0091300

00018C 45F0 C13C 00142 914 BAL R145AREAS 00091400

C00190 0000 915 DC H'O* DISPLACEMENT TO THE CIRCLE MASK IN TABLE. 00091500

000192 47FC CI19E 001A4 916 B LOCATION 00091600
000196 2000 :

000198 4219722D0E560419 917 DIAMETER DC D*'25.446" DIAMETER OF SOME CIRCLE 00091700

918 * 00091800

919 * THEN THE "AREAS' ROUTINE WOULD GET CONTROL AND PICK UP THE 00091900

920 * MASK LABELED 'CIRCLE'. AT THE FIRST BXH, BIT 'A' WOULD BECOME 00092000

921 =* THE SIGN, AND SINCE WE HAD WANTED TO HALVE THE DIAMETER TO 00092100

922 * GET THE RADIUS, WE WANT TO FALL THROUGH AND EXECUTE THE 'HDR' 00092200

s 923 * INSTRUCTION. BECAUSE WE HAD WANTED THIS, THE MASK FOR THE 00292300

24 * CIRCLE HAD CONTAINED A *1' BIT IN POSITION 'A', PREVENTING US 00092400

925 * FROM BRANCHING. THE NEXT OPERATIUN,(ADD SIDE ONE TO SIDE TWO), 00092500

926 * IS NOT A PART OF FINDING THE AREA OF A CIRCLEy SU s WE WANT 00092600

Q27 * TO SKIP OVER THIS. WE ACCCMPLISH THE SKIP BY PUTTING A *'G*' IN 00092700

928 * BIT POSITION *B' OF THE MASK, AND, AS YOU REMEMBER, A *'0O° €0092800

£ 929 * GOING INTO THE SIGN POSITION OF THE REGISTER CAUSES OUR BXH 00092900

930 x* INSTRUCTION TO BRANCH. OK, YOU SHOULD SEE THE LOGIC BY NOW, 00093000

931 * SO ANSWER QUESTION 9.14, WHICH IS A CONTINUATION CF THE CIRCLE 00093100

932 * PROBLEM SOLUTION WE HAVE BEEN DOING. 0C093200

933 * 00093300

934 * 00093400

936 kdkdkiokkkiokkkpokkkkikkkkkkk QUESTION 9.14 Hokkdiokdfeddsikifokkkxkrxxkkkkxxxkx 00093600

937 * 00093700

938 * WHAT ARE THE LABELS ON THE BXH INSTRUCTIONS THAT WILL 00093800

939 * NOT CAUSE A BRANCH TO BE TAKEN DURING THE SOLUTION OF THE 00093900

940 * AREA OF THE CIRCLE? ASSUME THAT WE HAVE ALREADY EXECUTED THE 00094000

941 * FIRST TWO, AS IN THE INSTRUCTIONS IN THE PARAGRAPH ABOVE. 00094100

942 * 00094200

Q43 skt s ook sk o o e ok ok ok ok oo ok o oK K KKK Sk S ok ol ok kol sk oRsk doloR SRR iR ROk k% 00094300




LoC

GENMETRIC AREA COMPUTING ROUTINE

OBJECT CODE ADDR1 ADDR2 STMT

945
946
947
948
949
950
951
952

954 -

955
956
957
958
959
960
961
562

USING BXH.
SOURCE STATEMENT FO8APRTO
K e ee 060000060600 0006000secssossesesocesosososssosesocsecsocsoscccoscsccecosccscos
* ANSWER 9.14
*
* BECAUSE BOTH BITS *C' AND 'E' IN THE *CIRCLE®' MASK ARE 1°'S,
* THE BRANCHES LABELED *NOADD' AND *NOMLTPLY®* WILL NOT BRANCH,
* CAUSING US TO SQUARE THE RADIUS AND MULTIPLY BY PI.
*
K oeeooscesesseesseesessacesosescsssosecsecscsocososcsesscsssscssosssscscssocsccssccse
ook KRR R AR ROk R KRR AR QUESTION 9415 ook 5ok ok ok oo i ok oo Rokd ok k&

%
¥
* CONSTRUCT THE BIT MASK REQUIRED TO FIND THE AREA OF THE

* TRIANGLE. USE THE FORMULA AND REGISTER CONTENTS AS DESCRIBED
* IN THE PROLGGUE OF THIS ROUTINE.

*

e s s e e sk ok ok i 0ok i oo st ok o ook o 0 ok ok ok o i s s o ol o st e oK R kR ok 3 ok o o K KR R SRR ok ek ok
*
e s e e o ok o ok o e ok e 3 e s ok 3ok ek o Sk e o s e e e ok 0 o o o o s o kR i o ok ol o o ok KK R e kR ok
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00094500
00094600
00094700
0009480C
C0C94900
00095000
00095100
00095200

000954C0
00095500
00095600
00095700
000958G0
0009590G0
00096000
00096100
00096200




BXLE THE GREAT, DECISION MAKER. PAGE 27

LOC 0OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FOBAPRTO S/17/70
FO4 Feeeoseseorssesssoscssssacscssssessssocssssoscsssscsccscsscsscsccsccssesss 00096400
965 * ANSWER 9.15 00096500
966 * 00096600
967 * TRIANGLE DC BL2'OLOULOXXXXXXXXX1® 00096700
968 * 00096800
969 * THIS ALLOWS US TO FALL THROUGH BXH *A®' AND HALVE REGISTER O C0096900
970 * WHICH CONTAINS THE HEIGHT, TAKFE BXH'S *B' AND 'C*', SKIPPING 00C97000
971 * OVER THE UNDESIRED ADDITION AND SQUARING, FALL THROUGH BXH 00097100
972 * *O'y MULITIPLYING THE HEIGHT (WHICH wtE PREVIOUSLY HALVED) BY 00097200
973 * THE BASE, GIVING US THE DESIRED AREA. NATURALLY, WE WANT TO 00097300
974 * TAKE BXH *E', BECAUSE WE ARE ALREADY FINISHED. 00097400
975 Heeeesseoeesecsssscsencssasscrsssosssscsscssssssssscssssscscsscssscssscsssses 000697500

GTT %4444+ +++++++ 44+ + 4+ttt HHE++HHHEHHH 4+ttt E P44+ HE+H 44444+ 00097700

978 =* THE OPERATION OF THE BXLE INSTRUCTION IS NEARLY IDENTICAL TO 00097800
979 * THAT OF THE BXH. THAT IS TO SAY, 0C0979C0
980 * 1) THE 'INCREMENT' IS ADDED TO THE *INDEX'. 000980600
981 * 2) THE NEW “INDEX®' IS COMPARED TO THE 'CCMPARAND'. 00098100
982 * 3) THE BRANCH IS TAKEN IF THE NEW 'INDEX' VALUE IS LESS THAN 0009820C
683 * OR EQUAL TO THE 'CCMPARAND'. 00098300
984 * NOTICE THAT ONLY THE TEXT OF LINE (3) CHANGED FROM THE 00098400
385 * DESCRIPTION OF THE BXH INSTRUCTION. 000298500
3 986 * 00098600
987 * O0.K. THEN, FROM THIS DIFFERENCE, WE CAN DERIVE A RULE FOR 00098700
988 * THE BXLE WHERE THE SAME ODD-NUMBERED REGISTER IS USED FOR 00098800
989 * BOTH THE 'A' AND 'B' OPERANDS. 00098900
99C * 0009900¢C
991 * e st e ko ok sk ek o R e Rk 00099100
QG2 * * BXLE AXIOM NUMBER ONE. * 00099200
963 * * * 0009930¢C
094 * e ek s R R ok Sk ek e ok Ok 00099400
995 * THE BRANCH WILL BE TAKEN WHENEVER A ONE BIT IS SHIFTED INTO 000995C¢C
996 * THE SIGN POSITION OF THE REGISTER USED IN A BXLE OF THE FORM: 0C099600
G997 * 0009970C
998 * BXLE ODDREG,ODDREG,LOCATION CC099800
999 * 00099900
1C00 * TO VERIFY YOUR UNDERSTANDING OF THISs ANSWER QUESTIUN 9.16. 001C000C
1001 koksoiok gk sk o s dok ook ok dok dolokdolofo ook koo ok SR Kok Rk R ok R Rk ROk R RoRkk k%% 00100100

1003 skskksdokkkdonsokkksorkkdorskioksx QUESTION 9.16 skkixskkkikikikkkkkikkkidkxs®x 00100300

1004 * TN SHOW THE SIMILARITY OF OPERATION BETWEEN BXH AND BXLE, €G100400
1005 * GIVEN: REGISTER 5 CONTAINS 264833. 06100500
1006 * REGISTER 8 CONTAINS -345221. 001006G0
1007 * REGISTER 9 CONTAINS -80388. CG100700
1008 * WILL I BRANCH TO 'INDX5L0#', WHEN THE FOLLOWING INSTRUTION C01008G0C
1009 = IS EXECUTED ? 00100900
1010 sedoskaisok gk koo o dok ootk ok ok R RO Rk RRAOR KR ROk R R OR ROk R ROk R R Rk R SRR kR R kR Rk kkk 00101C00
1011 = 00101100
1012 sskdesieskokoksioksk ook s ok ook deieokokaok ol ok dofol okdoloRoRoROk ok ok sokoslokk Roiokok ok ok kokokkokk % 00101200
2001A0 8758 C1C6 001CC 1013 BXLE 5,8, INDX5LO# 00101300




Ly

Loc

0001A4
20C1A4
00C1A6
0001AA
00C1AE
5001B2
0co1Bé6
02018A
000C1BE
0001C2
0001Cé6
0oc1cs

BXLE THE GREAT,

OBJECT CODE

1855
587¢C
8777
4A50
8777
4A50
8677
8777
4B50
000¢C
4TFO

C222
ClAl
C226
ClB4
c228
C1BO
ClCu
Cz2A

Clceé

ADDR1 ADDR2

00228
00182
0022cC
001BA
0022E
co1Bé
001Ce
00230

001ccC

DECISION MAKER.

STMT

1C15
1016
1017
1018
1C19
1020
1021

1023
1024
1025
1026
1027
1028
1029
1C30

1032
1033
1C34
1035
1036
1037
1038
103¢
1040
1041
1042
1043

d* 3 # 3%

SOURCE STATEMENT

# 3 3¢ 3 3 3¢ 3t

ook ok Aok KR ROR R R kKRR kR Rk QUESTION Q. 17 Fdokaksok sk ook ot okoks ook ok ke ok ok

HAOR R KRR AR R F AR RRRKRE AR R KRR R KRR R R KRR RRRER R RRRRREERRRARERERERR R R xK KKK

*

o o e o o R R A o R e o o R R R o R AOR R K R K R K HOR S R K R KRR Rk

LOCATION
PASSCONS

BXLEL

BXLE2
ADD2
BXH1
BXLE3

TAKEDUMP
ENDALL

ANSWER

YES, B

WHAT WILL BE THE VALUE IN REGISTER 5 WHEN THE E]STRUCTIDN

CALLED

EQU
SR

L
BXLE
BXLE
AH

BXH
BXLE

DC
B

# 00 00 00 000 0000000000000 00000000000000000000000000000000000000s000c0ss0s00

9.16

ECAUSE 264833 + (-345221)

REG.5 + REG.8

00 000000 ee s 00000 0000000000000 00000000000c000cce000c000000c00s00s000000c00

YENDALL' IS EXECUTED ??

*
545
T7y=X'AT7053200"
T+74BXLE2
Sy=H'12"
T974BXHL
S5y=HT2?
7,74ADD2

Ty T+%+8
5,=H"3!

H'O!

COMPLETE

IS EQUAL TO -80388.
IS EQUAL TO
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00101500
00101600
001C1700
00101800
00101900
00102000
00102100

00102300
00102400
00102500
00102600
00102700
00102800
00102900
00103600

00103200
00103300
00103400
001C3500
00103600
00103700
00103800
00103900
001040006
0c1d410C
00104200
00104300
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-

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FO8APRTO 9/17/70
1045 ¥eeeeeseosscsescscssesscescsacacscsesosseascossosscscssasccncsccnsssssccscscscss 00104500
1046 * ANSWER 9.17 00104600
1047 * 00104700
1048 * REGISTER 5 EQUALS 16. 00104800
1049 * 00104900
1C50 * THE FOLLOWING SHOWS THE SEQUENCE OF EVENTS THAT TOOK PLACE 00105C00
1051 * IN THE EXECUTION OF THE CODE FOR QUESTION 9.17. 00105100
1052 * 00105200
1053 * LABEL | NEW SIGN | ACTION TAKEN { REG.5 = | 00105300
1C54 * + + +- v 00105400
1C55 x BXLE1 | 0 | NO BRANCH | 0 | 00105500
1056 * + + + -~ 00105600
1057 * BXLEZ2 1 1 | BRANCH TO BXHI1 1 12 | 00105700
1058 * -+ + + -~ 00105800
1059 * BXH1 | 0 | BRANCH TO ADD2 I 12 | 00105900
1060 * + e + - 00106000
1061 * BXH1 | 0 | BRANCH TO ADD2 1 14 | 00106100
1062 * + + + - 00106200
1063 * BXH1 | 1 | NO BRANCH I 16 | 00106300
1C64 * + + + d 00106400
1065 * BXLE3 | 1 | BRANCH TO TAKEDUMP! 16 | 00106500
1066 =* 00106600
1067 *aeeoeeooossosssssscseseasossaoscsossoscssceasssacssssscsscscsccssssscncssoncssessces 00106700

]
1069 *GEEE0EEEEEEEEE0EEE0EEEEEEEEEEEE0EELEEEREEEEEEEEEEELELEEEEELEREEEREEEEE 00106900
1C70 * 001070C0
1071 * THIS CONCLUDES THE WORK PROJECT FOR THE BRANCHING AND 00107100
1072 * SWITCHING SECTION OF THE COURSE. SO THAT YOUR INSTRUCTOR 00107200
1073 * KNCWS THAT YOU ARE FINISHEDs DISPLAY THE WHITE SIDE OF 00107300
1074 * THE "ANSWER CUE"™ AT THIS TIME. 00107400
1075 * 00107500
1076 *GEEEEEGEEEEEEEEEEEEEREEEEEEELEEELELEEEEEEEERLELEREEEELEEEEEEEEEEEEEEEE 00107600

0001CC 1678 COMPLETE EQU * 00107800
0001CC 1079 INDX5LO0# EQU  =* 00107900
C001CC 58DD CUl4 00004 1080 L 13,4(13) 00108000
00C1D0 98EC DIGC 0000C 1081 LM 14912,12(13) 00108100
000104 OTFE 1082 BR 14 00108200
0001D8 1083 BRSAVE DS 18F 00108300
£0C000 1084 END BRANCHES 0010840C
£00220 0CCD00CO 1685 =FG

000224 00000004 1086 =F1 4

500228 ATC53200 1087 =X'"AT053200"

00G22C 000C 1088 =H' 12"

00022E 0002 1089 =H2'

00023C 0003 1090 =H' 3"
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01
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SYMBOL

ADDRESS
ADD2
AHIGHER
ALLFOLKS
ALOWER
AREAS
BADBAD
BEGONE
BLEAH
BRANCH
BRANCHES
BRSAVE
BRTABLE
BR14
BTABLE
BXH1
BXLEL
RXLE2
BXLE3
8YPASSIT
BYTED
CIPCLE
CLNSE
COMPLETE
CooLConL
DIAMETER
DISASTER
DONTDOIT
DONTDOME
ENDALL
ENUF4JAZ
EXAMPLEL
Fl15

F24C
GETSCOLD
GONDASAU
HALFGO0D
HALFPAST
INDEX3AI
INDEX3HI
INDEX4HI
INDX5LO#
LOCATION
MASK1
MASK2
MASK3
MEDIQCRE
MSKTABLE
MOATD
NOHALVE
NOMLTPLY
NOSQUARE
NDCNSWL
OPCDSW2
PASSCONS

LEN

20001
CD0C4
00001
00004
C0001
000C4
c0Ca1
00001
c0001
00004
00001
00004
00CO4
cdCo2
000C4
000u4
C3Co4
C0004
03004
02004
00001
00002
€0501
060001
¢00C1
20008
00001
00004
000C4
G0C04
00GC

00004
00004
C0CO4
00Go1
c0001
C0C0o1
00001
00001
efejelvp
Cd001
c0001
G0001
00001
0dco1
co001
€c0001
00002

VALUE

oowoes
CcdulBo
0gQoocs
CGO1l6E
CO00GCe
000142
CUGOOFA
000052
000126
GuooC2
00CC00
00C1D8
O0COF2
Goocac
GGOOFA
GOOLlBA
CCC1AA
000182
OUC1RE
GGCO4A
CoGC66
0C0172
vaul2é6
CoG1CC
Cool26
0Co198
0C0l120
JG003E
CeCo98
CoL1Cs
CUl126
coGo78
v0COA4
GCO0AQ
GuCl2e
0CGClce
OUGCEE
000126
00012E
UCG012A
CdC132
0go1cc
VOC1A4
GCOCBE
00G0BF
0600C0o
Juclze

0604 OC

CCOC4

50004 90k

C00C4
02C04
Co004

Ccoce

DEFN

00296
01038
00359
00892
00355
00864
00431
00114
GG519
C0354
00cc2
c1083
00429
coc17
00459
01039
01035
01037
0104C
00112
00139
00899
00514
01078
00513
ggelv
00522
00074
006302
01043
0C515
00197
0G305
00304
00517
00512
00417
00518
ccect
00585
00646
01079
giec32
0C351
00352
00353
00516
00894
00880
00875
co89c

) $G885

00176G

) 30175

G1C33

CROSS=REFEREMC

REFERENCES

0171
1039
0350
890
0354
0914

0111
0466
0349
1084
0006
0428
0Cl14
0459
1037

1035

C1l10
0134

0461
1043
0460
0913
0469
0071
C306

0462
0138
0302
G300
0464
0407
0409
0465
0599
0577
0638
1013
CC19

0463
0865
0875
C87C
0885
0880

0176 0198 (203

0015

C137

0416 0429
G430

C391 0678 (0689 (718 0768 0916
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SYMEBOL LEN

PHOODEY 00001
PI cooosg
PICKUP15 €0002
RECTNGLE 00002
ROTTEN 00001

RO 000C1
R1 02001
R14 00001
R2 coo0o01
R4 00001

SQUARE 00002
SWITCH N20C4
SWITCH2 0CO0C4
SWITCH3 00004
TAKEDUMP 00002
TEST2SET C2004
TRIANGLE 00001
TRPEZOID 0002
VCONSVC3 CJ004
WALKONBY 00004
Y ECHHH 00C01

VALUE

COGCQE2
v00180
00008A
000176
C00126
00GCcoo
000001
GOO0CGE
¢00002
0GCCC4
000174
000032
000042
0CU0A8
C0C1Ce
400052
00C178
GGC17A
cocc28
00CU5E
cull26

DEFN

0C410
00904
Cc0298
00901
00521
00858
00859
00862
60860
00861
00900
00071
Q0110
0030C6
01042
00134
00902
00903
006016
00137
00520

CROSS—-REFERENCE

REFERENCES
0398 0415
0891
0301
0468

0871 0871 0881 0881 0886 0891
0864 0865 0865 (866 0870 0870
0864 0892 0914

0876 0886

0876

0072 0073 0074
0112 0113
0299 0303

0136
0013

0135
G467

NO STATEMENTS FLAGGED IN THIS ASSEMBLY
SOURCE RECORDS (SYSIN) = 1084

*STATISTICS*

*0OPTIONS IN EFFECTx*
1206 PRINTED LINES

LIST,

NODECK, LOAD, NORENT, XREF, NOTEST,

0913
0875

ALGN,

0875 (880

0S,

LINECNT

0880

55

0885

0885

0890
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F44—-LEVEL LINKAGE EDITOR OPTIONS SPECIFIED MAP,LET,LIST,NCAL

VARIABLE OPTIONS USED - SIZE=(45056,6144)~- DEFAULT OPTION(S) USED
IEW0000 ENTRY UTILITY
MODULE MAP
CONTROL SECTION ENTRY
NAME ORIGIN LENGTH NAME LOCATION NAME LOCATION NAME LOCATION NAME LOCATION
BRANCHFES [’]¢} <32
UTILITY 236 5A0
PRINT 29A PCHKRETN 4F6

ENTRY ADDRESS 238

TOTAL LENGTH 708
*xX*G0 DOES NOT EXIST BUYT HAS BEEN ADDED YO DATA SET

4
N




F.P. REGS.

REGS 0-7
REGS 8-15

€0000C
€30020
¢00C40

00G06C

05F820
05F84C
05F 860
05880
05F8A0
05F8CC
C5F8EC
05F9300
05FQ2¢
05F940
05F 960
05F980
C5F9AQ
05F9CO
05F9EOQ
C5FAQC
05FA20
05FA4C
05FA60

8 062020

CCl.03EC9A 1207E260

FEFFFF2E
CC0lD438

300500300
C0C40003
A0CO136¢C
00340000

99320202
D00858FC
C02047F0
C05847FC
G706C072
54EGCOSE
COBC47FU
C12C59F0
COEB4TFF
C12047F0
C19E85633
2A248611
0000G68FF
42167240
C2288677
41505001
9104F C89
1233478
90ECDOCC

4ACU9BCE

vaggodteo
50006A3E
C8000G0C0o
cgocrace

41526C0D
C022D201
CG2C940F
C04C9400
4770CC82
4TFCCOA6
€CGC28040
C21E4780
CGF447TFQ
Cl2047F0
C19E8633
Cl5A2CGGC
00000000
CE560419
C1a808777
CCO6bBFb68
47609426
946C1211
05C004F0

4C05G0C0

00000CJ30
FEC50001
AGQO1358
06240000

90ECDOOC
FO00CO026
C02D47TFO
C06C47FO
9706CCT7A
GGCOCOFO
2G0047C0
COE859F0
C12047FC
C12047F0
Cl19E481E
8611C160C
413243F3
8758C1C6
C1C04850
Gd000000
4150501E
C0C00000
07C04110

4TFC95C6

00.000075 0C0GCC8B8

COChREF8 0C01D454 00CCO00C
GGO2C000 00C1D460 00000000

0C2C00G0
6FO5F9FC
0CC05920
00C07588

05C041F0
47F0COC28
C0444TF0
CQ0720000
4780C082
OCO000OF
COCOL1A32
C21E4720
Cl12047F0
C1208634
00004811
2C€028611
E3370CDD
18555870
C22A0CCQ
12334780
58F00010
GG000004
C0100511

48609BEE |

00.130190 C2cC2C2C1

€3.C8C3C9 C3cC3C2C3

00013CA0 C000C010 0001C888 C14C8000
6FO05F82E 00O05FACO 000CCT7D4 OOO5FDLE

0005F828
O00CFFOO
02CO18A4
00C800C20

C1D25CDF
COO5FDL1E
CO04C97FO
GTFOCO67
1BEEL8FE
47G00CC92
4TFCC19E
CoDC4T40
C12047FO
Cl248634
CleC8910
C1686C00
6800C192
C2228777
4TFQC1C6
94261B11
58F0FC3C
ATQ053200
CFU5FBO4

8A600001

00000C00
000G00CC
C00C996C
00012010

000450FD
CTFE4TFO
CO03D47FO
4700C082
44F0COA2
4120000A
12FF4T770
C12047FF
€12047F0
Cl288645
00108611
Cl7A4TFE
45E0C13C
C1AC4AS50
58DD0004
16134106
9108FC89
000C0Q02
TFFFOAQE

4T7T0968E

FFC6000C
FEO40131
000400G0
0004GCO0

00081 8DF
C19E4700
C03C9300
97FOCO6F
56E0CO9A
41300014
CODC59F0
COEC47FO
Cl2C4TFC
C12C8633
Cl4E24CO
C00254FF
000047F0
C2268777
98ECDCCC
COCOCA4E
478C94€C
0C035001
58800010

48609C26

8G000000
8CCOCALlE
00007498
c000751A

D703D008
C03896F0
C0604740
4TFOCO082
4T7F0CO084
192344F0
C21A4780
C120C47F0
C12047F0
C19E8633
8611C154
10FFO8FF
C19EQ000
C1B44A50
OTFES5000
58F0703C
58304138
92685000
91108074

41660001
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LLLLLLLLieet
LLLLLLLLLLLL

(slss]e]s]s]a]s]e]s)u]e}
no000000N000
00 00
oo 0o
als] s]s]
00 0o
00 00
00 s]s}
o]s] 00
(e]e] 00
000000000000
000000000000

0000000000060
000000000000
00 00
00 0o
a0 (s]]
00 G0
00 [8]s]
0o 00
0o [a]s]
00 00
000000000000
000000000000
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EXTERNAL SYMBOL DICTIONARY PAGE 1
SYMBNOL TYPE 10 ADDR LENGTH LD ID 14.10 9/16/70

LOOPSECT SD 01 0UUCOG 000132
PCHKRETN ER 02




Laoc
000000

€00020
000001
000002
000003
C00004
00005
000006
002007
000GC08
000009
00000A
0000CB
006200C
0Cc000D
CCO00E
00009F
000030
000004
00CC06
5002006
00000A
00C0CE
000012
000014

OBJECT CODE

90EC
05CO0

41F0
50FD
50DF
18DF
D703

DooC

COBA
0008
0004

ADDR1 ADDR2

oooocC

00GCOo
00008
00004

DCO8 DOG8 cCG008 00008

STMT

VO~NCUH N

SOURCE STATEMENT

LOOPSECT CSECT

COPY MHMBEGIN

EQU 0
EQU 1
EQU 2
EQU 3
EQU 4
EQU 5
EQU 6
EQU 7
EQU 8
EQU 9
EQU 10
EQU 11
EQU 12
EQU 13
EQU 14
EQU 15

STM R14,R12412(R13)
BALR R12,0

USING *4R12

LA R154SAVEAREA
ST R15,8(R13)

ST R13,4(R15%5)

LR R13,4R15 ESTABLISH MY SAVE AREA

XC 8(4,R13),8(R13) TERMINATE THE FORWARD CHAIN
END OF STANDARD ENTRY LINKAGE CONVENTIONS.

PRINT OFF

SAVE THE CALLER®S REGISTERS
ESTABLISH PROGRAM BASE

LET THE ASSEMBLER KNOW.
ADDRESS OF MY SAVE AREA
BACKWARD CHAIN

FORWARD CHAIN

PAGE 1

9/16/70

00000100
00000200
00000700
00000800
00000900
00001000
00001100
00001200
00001300
00001400
00001500
00001600
00001700
00001800
00001900
00002000
00002100
00002200
00002400
00002500
00002600
00002700
00002800
00002900
00003000
00003100
00003200
00000300
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SAMPLES FOR PROGRAM LOOPS WORKSHOP.

LNC 0OBJECT COGc ADDR1 ADDR2 STMT

33 3 3 36 3 ¥ ¥ 3 3 3 3E 3 3 3 % ¥ X

EUE T

SOURCE STATEMENT FO8APRT0

FERERRRERRK R R RG KRR R R KRR RRRE kK
* PROGRAM LODPS WORK-SHOP SAMPLES. %
* *
FR R R AR R R KRR R KRR R kR RE R KKK R K

IN THE LECTURE SESSION ON LOOPS, YOUR INSTRUCTOR DEFINED
TWO NEW TERMS, WHICH WERE DESCRIPTIVE OF CERTAIN TYPES OF
LOOPS. THE TERMS WERE: 'LEADING DECISION' AND *TRAILING
DECISION'. KNOWING WHAT YOU DO ABOUT THESE TWO TYPES,
DETERMINE WHETHER EACH OF THE LOOPS IN THE FOLLOWING
QUESTIONS IS A 'LEADING' OR 'TRAILING' DECISION, AND
CIRCLE YOUR CHOICE.

FOR YOUR INFORMATLON, EACH LOOP PERFORMS THE SAME -FUNCTION
AS EACH OF THE OTHERS, THAT OF SUMMING ALL THE HALF-WORD
VALUES LOCATED IN 'LIST1'. THE HALF-WORD CALLED 'LISTILEN'
CONTAINS A NUMBER WHICH TELLS US HOW MANY VALUES ARE TO BE
SUMMED FROM *LIST1'.

THE CORRECT SUM OF *LIST1' IS X'FO' OR 240.

PAGE 2
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00001000
00001100
00001200
00001300

00001500
00001600
00001700
00001800
00001900
00002000
00002100
00002200
00002300
00002400
00002500
00002600
00002700
00002800
00002900
00003000
0C003100
00003200
00003300
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Loc

0CCO02A
0C002E

00C030
000032

002036
£30038
00C03C
000040
000044
000044

SAMPLES FOR PROGRAM LOOPS WORKSHOP.

OBJECT CODE

4810 Cl20
1822

1211
478C CO3E

1833

4A23 C102
4133 CCO02
4610 CU32

0oocC

ADDR1 ADDR2

00126

00044

00108
00002
0C038

STMT

60
61
62
63
64

SOURCE STATEMENT FO8APRT70

EXAMPLEA

*

*

LOOPEXA

ENDEXA

Aok ok sk Rk ok RORR ARk R Rk Rk k. QUESTION 1041 sokoskok ootk sok ok o o s ook ook o sk ko

"EXAMPLEA' IS A (LEADING/TRAILING) DECISION LOOP.

LH
SR

LTR
BZ

SR
AH

BCT
EQU
DC

sk e e ook ok e ool ok o e e S s Rl K s ko sk ok sk ok ok o o i ok ok Sk ok kR R Kok sk ok Rk ok K

R1,LISTILEN GET THE NUMBER OF TERMS.

R2,4R2 ZERO RESULT REGISTER

R1,4R1 ARE THERE ZERO TERMS TO Sum ??

ENDEXA YESy, RESULT IS IN REG 2 ALREADY.

R34R3 INITIALIZE INDEX TO ZERO

R2,LIST1(R3) ADD A VALUE TO THE SUM.

R3,2(R3) BUMP THE INDEX BY LENGTH OF A HALF-WORD
R1,LD0PEXA CONTINUE SUMMATION 'TIL LIST IS EXHAUSTED
*

H'O' % % % % % USE THE DUMP TO CHECK THE ANSWER IN R2.

PAGE 3

9/16/10C

C0003500
00003600
00003700
C0003800
00003900

00004100
00004200
00004300
00004400
00004500
00004600
00004700
00004800C
0000490C
00005000
00005100
00005200
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F.P. REGS.

REGS 0-7
REGS 8-15

000090
006020
CC2040
C02060

02A120
C2A140
02A160
02A18C
C2A1A0
02A1CO
02A1ED
C2A200
G2A220G
02A247
02A260

02A820

0C.00CCO0 ©0000000

FFFFFF2E 00000000 00COQO0OFG 0000O0OLE
0C01C260 00000000 0001C288 00000000

0006C0CT
0004CGC03
00036C98
0004G0CC

0000600acCC
DGCO858FC
4A23C102
065C4140
C1024133
4810C120
000498EC
300000C0
0C0000G0C
Q0UEGGOC
90ECDGOC

4AGC09BDE

00000GG00
50006A3E
CC00000C1
000C7BC8

000006000
Cl1220201
41330002
00G24A23
0C024B10
18221833
DOCCOTFE
Go00cCoco
G0000000
000AQCO8
05C004F0

40050000

00300000
FFC50001
000014D0
00040000

90ECDOOGC
F000C022
4610C032
00008734
Cl2647F0
4610C0A2
00000000
00000000
00000C0C0
0C060004
07004110

47FC95C6

00.000000 C00CO0CO

G00000CO
6F02A16E
00005920
C0007588

05C041FO0
4TF0C024
00004850
€C0580000
C06A0000
4TFOCOAE
00036768
000000060
00CG00000
0C02000F
C0100511

48609BEE

00.000000 00000000

00.000000 05050505

00015230 00015F98 0001BEC8 00019598
6F02A12E 0002A1E8 0000C7D4 0002AS51E

0002A128
000CFFOO
02C031A4
00000600

COBA50FD
O7FE4810
Cl12018B22
4810C120
D701C120
4A23C102
00000000
00000000
001E001C
0002A51E
0F02A304

8A6C0001

0C000C00
0G000000
0000996C
00012010

000850DF
Ccl201B22
1E554780
17221832
€12058F0
4A30C12A
000000C0
cogeooco
001A0QO018
CC010A03
TFFFOAQE

4TT0969E

FF060080
FE040230
C0040000
000400C0

000418DF
12114780
C0604130
12114780
C122D201
47FOCO9A
0000G0C0
000000C0
00160014
00020000
58800010

48609C26

80000000
80000AlE
00007498
0000751A

D703D0C8
C03E18B33
Cl021A53
C08GC4A23
Foo0C128
000058DD
00000000
000C00C0
00120010
000CC000
911CBO74

41660001

eeooeeosscscesscssssccssscsssosccsnsaX
¥eeoeseseeeFEeeeccesccscsccssccncad¥
KeeoesecseesescccscsosccccscssscssssccaX
*

PR T o B I T I Y I

¥eeoseecscessceslececcccaccccPoncs
*¥ees0AeKeOseeoOaooooeAecoaancanas

¥eehAeeoooooooseaeAeaesescecceAons

& 3

¢ 3t

Heee eescecsccsscccscAecocccccaccce¥

¥AesoooeeAeeOeeeePeAcALcOAK.OWAL*
¥eoAoooeoseooeDecocAeceAeeDencnae*

¥eoseoseesocecssscsscccsessascsscses¥
eeeecacccssocssscsssscssssssansce¥
eeessessecscsccscscsccccscscscssaccases
Keoeoesssesseosssesccssaccsssccsnssonce®

*
¥eesesesDeccescsscsccsaccscnnense¥

eooe ooee0eFeseccceccccocccncnee¥




SAMPLES FOR PROGRAM LOOPS WORKSHOP. P AGE 4

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FO8APRTO 9/16/70
TO Feeesooecoscecosnacsosscnnssoscsosscsosssssesssssstsscssscscscsssasasossscsccssssse 00005400
80 * ANSWER 1C.1 00005500
81 * 00005600
82 * YEXAMPLEA' IS A *TRAILING DECISION®' LOOP. NOTICE THAT THE 00005700
83 * LOOP WILL BE EXITED FROM WHEN THE VALUE IN REGISTER 1 IS 00C05800
84 * EQUAL TO ZERO. ALSC NOTICE THE POSITION OF THE INSTRUCTION c0C05900
85 * THAT ALLOWS US TO GET OUT OF THE LOOP WHEN THIS CONDITION 0C006000
86 * OCCURS (IT IS AFTER THE WORK-PERFORMING PART OF THE LOOP) 00006100
87 * THEREFORE, THIS IS A *TRAILING DECISION®. 00006200
BB *eeseossecssscacssssescsssesssosassssscoscssssvsoscsccsncscsccsasccsssscccces 00006300

Q0 kskdoRRRFRRRRRR kR R RAkRRkE QUESTION 10,2 #F¥skkioksfpkkkkhkkkiidrwkaskxix 00006500

91 * 00006600
92 * TEXAMPLEB®' IS A (LEADING/TRAILING) DECISION LOOP. 00006700
93 * 0C0GC68G0

Q4 A et e sk ok ool ok ol e e e 30 3k 3 e ek X e Sk e A RO RO R R OR Rk R R R ORGSR KR IORBORK R R R KRR AR XEXX 00006900

233046 485C C120 00126 96 EXAMPLEB LH RS54 LISTILEN GET THE NUMBER OF TERMS. 06007100
CCC04A 1B22 97 SR R24R2 ZERO THE RESULT REGISTER 00007200

58 * 00007300

o 00204C 1E55 99 ALR R5,4R5 NUMBER OF TERMS TIMES HALF-WORD SIZt. (2) GO0O07400
S (C0004E 478C C060 00066 10C BZ ENDEXB NO VALUES, EXIT FROM LOOP. 000075060
101 * 0000760C

C0Jd052 4130 Clo02 00108 102 LA R3,LIST1 GET ADDRESS OF LIST TO BE ADDED. 00GO0T770C
000056 1A53 103 AR R54R3 SET UP ADDRESS OFf UPPER END OF LIST 00007800
000058 0650 104 BCTR R5,0 SUBTRACT 1 FOR BXLE. 00007900
00J305A 4140 0GC2 00002 105 LA R&4,2 SET INCREMENT FOR INDEXING THRU LIST. 00008¢C00
O0COS5E 4A23 COCGGC 0o%aQco 106 LOOPEXB AH R2+0(R3) ADD A VALUE TO THE SUM. 00008100
000062 8734 CC58 0005E 107 BXLE R34R4,LO0PEXB CONTINUE SUMMATION *TIL LIST IS EXHAUSTED 0000820C
000066 108 ENDEXB EQU * 00008300

0000266 0070 109 DC H*'O" % 4 % % TAKE A LOOK AT REG. 2 FOR THE SUM. 00C08400
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F.P. REGS.

REGS 0-7
REGS 8~15

002020
700020
£C2040
200060

02A120
02A140
02A160
02A180
02A1A0
02MiC0
02A1EO
02A200
024220
024240
02A260

02A820C

C0.C00060

FFFFFF2E
0001C260

050CCCuC
FFC50003
DO0C1360
00040G00

00GCCCOC
DOC858F0
4A23C102
06504140
C1224133
4810C1C
0CC498EC
00000¢G0C
00C00GCO
000ETCQQC
9CECDOGC

4ACO9BDE

0000GG000
6F007588
0800600C
0COCT7RBCS8

000GGocCo
Cl22D201
41330002
00024A23
00024810
18221833
DGOCOTFE
000000CO
oCcC0o0cCo
000ACCO8
C5C004F0

40050000

00000000

0000C000
FFC50001
EGO0014DO
0204C000
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0000000C 0001C288 CO000000

00000000
6FQ2A19C
00005920
0C007588
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SAMPLES FUR PROGRAM LOOPS WORKSHOP. P AGE 5

LOC OBJECT CODE ADDR1 ADDRZ STMT SOURCE STATEMENT FO8APRT70 9/16/70
11l ¥oeeeoococaoasososacssosnsassssossssccscsssosassccscscsssnscsncsossscssssnsee 00008600

112 * ANSWER 10.2 00008700

113 =* 000C8800

114 * 'EXAMPLEB' IS ALSO A 'TRAILING DECISION' LOOP, BECAUSE THE 00c089C0

115 * BXLE INSTRUCTION DECIDES WHEN WE ARE DONE. 00009G00

116 ®eseeeoeacsesesaocsoasassocasssesosssessccssossasasescsosscsesscsscsssssesee 00009100

118 skwdoimikdokikidokidolriokiktl QUESTION 10,3 *kxskddokrsokkkxaomsiorrk ik xkx 00009300

119 * 00009400
120 * *EXAMPLEC' IS A (LEADING/TRAILING) DECISION LOOP. 00009500
121 * 00009600

122 skosieskokoseskode s o ok s ookl e e oo o et o e e ok o s e oo e e ok o sk s R ok sk ok HOR Sk ROk ok Rk Rk ROk R k% 00009700

000068 4810 Cl20 00126 124 EXAMPLEC LH R14LISTLILEN GET NUMBER OF VALUES IN 'LIST1'. 0C009900
00006C 1722 125 XR R24R2 INITIALIZE SUM TO ZERC. 00010cC00
N0006E 1832 126 LR R3,R2 INITIALIZE INDEX REGISTER TO ZERO. 00010100
€00070 1211 127 LOOPEXC LTR R1,4R1 ARE THERE ANY VALUES LEFT ?? 00G10200
200072 4780 CU8C 00086 128 BZ ENDFXC NO, EXIT FROM THE LOOP. 00010300
000076 4A23 C1G2 00108 129 AH R2,LIST1(R3) YES, ADD A VALUE TO THE SUM. 00010400
00007A 4133 0002 00002 13C LA R3,2(R3) BUMP THE INDEX BY THE SIZE OF A HALF-WORD C0QC1050C0
o COO07FE 4B10 Cl26 coL2c 131 SH Rl,=H*1" REDUCE COUNT OF REMAINING VALUES BY 1. 00010600
N 600082 47F0 CO06A 00070 132 B LOCPEXC AND CONTINUE SUMMING TO END OF 'LIST1'. 000107CC
00CC86 133 ENDEXC EQU * 0081080¢C

0CC086 0000 134 bc HIGe Z % % % LOOK AT THE VALUE OF REG. 2 IN THE DUMP. 00010900




F.P. REGS.

REGS 0-7
REGS 8-15

000C00
©02020
2923040
000060

02A120
C2A140
02A160
02A180
02A1A90
02A1COC
02A1EQ
02A200
02A220
N2A24C
02A267

02A820

0C. 000000

FFFFFF2E
0001C260

060C00GC
FFC500C3
00CGo00C
0004000¢

00CC0CcL
DCO858FC
4A23C102
065({414C
C10241533
4810C12¢
00C498EC
00000CL0
050G0300
0GOEOQQGC
90ECDCOC

4A0098DE

0000000C
6FC07588
0400GC00
000C7BC8

CCG00000
Cl122D201
41330002
00024A23
00024810
18221833
DOGCOTFE
CCOGU0C0
00000000
GOUAGOO08
05C0C04FC

40050020

00000000

000C0000
FFC50001
000C14DC
70040000

90ECDOOC
FC00CO022
461CCC32
00208734
Cl2647F0
4610C0A2
00050000
€000000C0
00600000
0006CCO4
C7004110

4TFQ2S5C6

0C.CC0000 00000CCO

0000C000 00000GFO 0000001E
00CCO0000 0001C288 00C00000

00000000
4F02A18B0
GCQ005920
20007588

C5CC041FC
47F0CO024
00004850
C0580000
C06A00CO
4TFOCOAE
00036768
000000CO
00000000
0002000F
C0100511

48609BEE

C0.C0000G 00000000

00.000000 05050505

00000002 0002A24D 0001BEC8 00019598
6F02A12E 0002A1E8 000CCT7D4 CCO2AS1E

0002A128

0000FFCC
C2C004A4
G0000000

COBA50FD
OTFE4810
Ccl1201B22
4810C120
D701C120
4A23C102
00000000
020000C0
00lECC1C
0002A51E
OF02A304

8A600GCC1

00000000
00CcCc0oJ00
0000996C
00012D10

000850DF
Cl2018B22
1E554780
17221832
C12C58F0
4A30C12A
0000G000
0coo0000C
0C1AG018
G0010A03
TFFFOAOQE

4T770969E

FF060080
FFQ05C232
0004C0CO
C0040C00

000418DF
1211478C
€C0604130
12114780
Ccl22D2C1
47F0COSA
003000C0O
00000000
00160014
0CC20000
58800010

48609C2¢

800006000
BCO4EDS6
00007498
000C751A

D7C3D008
CO3E1B33
Cl1021A53
CG0804A23
F000C128
000058DD
¢0000000
00000000
00120010
©3000009
911GBC74
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SAMPLES FOR PROGRAM LOOPS WORKSHOP. PAGE 6

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FOB8APRT7O0 9/716/70
136 Feaoeooesasscsosoossssosscsossccssscscssssssessssssssssassassssessseancssesse 00011100

137 * ANSWER 10.3 00011200

138 * 00011300

139 = *EXAMPLEC®' IS A 'LEADING DECISION' LOOP, BECAUSE THE VALUE 00011400

14C * OF REGISTER 1 (WHICH CONTROLS THE LOOP) IS CHECKED AT THE 00011560

141 * START OF THE LOOP, BEFORE ANY OF THE OPERATICN OF SUMMING 00011600

142 * IS BEGUN. 00011700

143 Foaoeoseoesesecsecscsssscccsseasosscsssosssanssscssssasscsssssssccsscssss 00011800

0002C88 D701 C120 C120 CC126 00126 145 - xC LISTILEN,LIST1LEN . 00012000
146 PRINT OFF 00012100

150 skl fekoekkdekdkdeknkkkx QUESTION 1044 sokkkfsokfopiokkiocrkiiokiorrkkkkkkkickx Q00012520

151 % GCGl2600

152 = 'EXAMPLED® IS A (TRAILING/LEADING) DECISICON LOOP. 000127C0

153 = 60012800

154 ot ook s s s i e oo St o o o o R oK R R HR R R ok o R R R R R R ok R R R Rk R R ROk R R R R KR KRR 00012900

00C098 481C Cl12C 00l12é 156 EXAMPLEC LH R1,LISTILEN GET NUMBER OF VALUES IN *LISTL1'. 00013100
CCJ09C 1R22 ’ 157 SR R2.R2 ZERQ THE ACCUMULATOQOR. 00013200
CJCO9E 1833 158 SR R3,4R3 ZERC THE INDEX REGISTER. 00013360
20CCAD 4610 CcAl 000A8 156 LOOPEXD BCT R1,L00PD2 TEST THE NUMBER REMAINING. 00013400
gOOOCA4 47FC CUAC 03CB4 160 B ENDEXD ALL DONE, EXIT FRCM LOOP. 00013500
000CA8 4A23 (Cl1G2 oc108 161 LIOPD2 AH R24LISTLI(R3) ADD A VALUE TO THE SUM. 00013622
J0GCAC 4A3C Cl2A cC130 162 AH R3,=HI 2 BUMP INDEX B8Y LENGTH GF A HALF-WGRD. 00013750
20C0RD &47TFC CCL9A JCCAQ 163 B LOCPEXD CONTINUE UNTIL *LIST1* IS EXHAUSTED. 0001380C
0000B4 164 ENDEXD EQU * 00C136CC

000084 2C0C 165 DC Hi1G! % % % % CHECK THE VALUE OF REG. 2 IN THIS DUMP. 0001 4CCC
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SAMPLES FOR PxUGRAM LOOPS WORKSHCP.

LOC 0OBJECT COULE ADDR1 ADDRZ2 STMT

167
168
169
170
171
172
173
174

177
178
179
180
181
182
183
184
185
186

SOURCE STATEMENT FC8APRTO
K e euesoeetancnsasasesasassssenasassssesssasacssstsassassccccascncansans
* ANSWER 10.4
*
* 'EXAMPLED' IS ALSO AN EXAMPLE OF A 'LEADING DECISION' LOOP.
* NOTE THAT IT USES THE *BCT' INSTRUCTION TO DO IT'S DECISION
* MAKING FOR IT.
*
S
d ook kR KRRk R R Rk kbR k% TROUBLE ANALYSIS PROBLEM 10.1 #¥soksdkskdokksk

s
* LOOK AT THE FOLLGWING DUMP AND FIND OUT WHY *EXAMPLED®

* FAILED TO WORK PROPERLY.

*

#*%%NOTE: IF YOU FIND YOURSELF HAVING DIFFICULTY GETTING STARTED, THERE
* IS A SERIES OF QUESTIUNS AFTER THE DUMP THAT WILL GUIDE YOQOU

%* T0 THE PROBLEM AND IT'S SOLUTION.

s

oo e e e ok st o e s o e s e o R R s R o KR e oK o oo e o o o oo 3 e s o o R ok o o Kk oK ek

PAGE 7

9/16/70

0001420C
00014300
0001440C
00014500
00014600
00014700
0C014800
0C014900

00015200
00015300
00015400
00015500
00015600
00015700
00015800
00015900
0o016CCO
00016100
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F.P. REGS.

REGS 0-7
REGS 8-15

05000
000020
0C0040
0CJ056C

02A12¢
02A140
C2A160
02A180
02A1A0
02A1CO
C2A1EO

C2A2690

02A82C

00, 0C00CC 0G0C0000

FFFFFF2E FFFD5117 037FDDC2 00055000

CCO01C260 0GCOCO00 0001C288 QO000LCOGO

00CCCall
FFE5C0O01
00C0000C
300400CC

203800C30
DC0858F0
4A23C10«
06504140
C1024133
4810C120C
000498EC
JCCG000C
Jccaocce
J00edCCC
QQECDOOC

4A0CSBDE

0000C000
4007EA2C
040000800
cooc7BCS

00gd0cce
Cl122D0201
413300C2
00024A23
C30024810
18221833
DCOCOTFE
0u0000C0
03000000
000A0008
C5C004FC

4005CC00C

00GC0000
FFC50005
F0C014DO
00040000

90ECDOOC
F000C022
461CC032
00008734
Cl2647F0
4610C0A2
000006000
00C00C00
000000G0
00060004
0700411C

4TF095C6

00.3500C00C 000GCCOO

0CC00000
AFO02A1D4
00005920
00007588

05C041F0
4TFJOC024
0000485¢C
C0580000
CO06A2000
4TFOCOAE
00036768
C0000000
00000GJ0
60020000
C010u511

486C9BEE

C0.0G0000 00006000

00.000000 05050505

00000002 0002A24D 0001BEC8 00019598
¢FO2A12E O0OCO02A1E8 000CCTD4 0002AS51E

0002A128
0000FFO0
02C022A4
00000000

COBASCFD
O7FE4810
c1201822
4810C120
D7C1C120
4A22C102
000GCCI0
00CC0000
0C1ECO1C
0002A51E
OFC2A304

8A6C0001

C0000000
00000000
C000996C
00012010

00C850DF
ciz2c1s22
1E554780
17221832
C12058F0
4A30C12A
00d00C00
00000000
001AD018
G0010A03
T1FFFOAQE

4TT7T0969E

FFO600CC
FFC50132
000400CC
00040C00

000418DF
12114780
C0604130
12114780
Cl122D201
47F0C09A
00000000
0000000C0
C0160C14
000200C0
58800010

486C9C26

8000G0CO
AF02A1DO
00007498
0000751A

D703D008
CO3E1833
Cl1021A53
C08C4A23
F000C128
¢00058DD
00000000
00000000
00120010
C000G000
911G6BO74

416600C1
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SAMPLES FOR PROGRAM LOOPS WORKSHOP. PAGE 8
LOC 9OBJECT CGDE ADDRE1 ADDR2 STMT SOURCE STATEMENT FOBAPRTO 9/16/70
1 88 Fkseskd sk dedkok e kR A ek ok 4o Aok 3o o ek kol e i ke sl e sk ok il e ok ks ok ok ook ek ok ok oR Bk kxR k% 000163CC
189 * 00016400
190 = TO GIVE YOU SOME ASSISTANCE IN ESTABLISHING A DIAGNOSTIC 0C016500
191 = APPROACH TO THE SOLUTION OF PROGRAM POOBLEMS, THE FOLLOWING 00016600
192 * IS A LIST OF QUESTIONS THAT I WOULD ASK MYSELF IF I WERE 00016700
193 * DEBUGGING THIS DUMP. THIS, OF COURSE, IS USING THE TECHNIQUE 00016800
194 * OF REDUCING A PROBLEM TO A SERIES QOF PERTINENT QUESTIONS. 00016900
195 * THE QUESTIONS ARE AS FOLLOWS, AND WOULD BE ASKED IN THE ORDER 00017000
196 = GIVEN. YOU MAY WRITE YOUR ANSWERS BELOW EACH QUESTION. THE 00017100
197 * COMPLETE SET OF ANSWERS FOLLOW, BUT YOU SHOULD NOT NEED THEM CO0C17200C
198 =* AS YOU SHCULD BE ABLE TO GENERATE YOUR OWN CORRECT ANSWERS. 0C017300
199 * 00017400
200 = 1. FOR WHAT REASON DID THE PROGRAM ABNORMALLY TERMINATE ? 00017500
201 * (WHY DID THE DUMP OCCUR ?) 00017600
202 * 00017700
203 * 2. WHERE IN STORAGE DID THIS FAILURE OCCUR (ADDRESS) ? C00178C0
204 * 00017900
205 * 3. WHERE IS THAT IN THE PROGRAM (DISPLACEMENT) ? 00018000
206 = ooolislo0C
207 * 4. HOW DID THIS INSTRUCTION CAUSE THAT PARTICULAR PROUBLEM ? 00018200
208 * 00018300
209 * 5. HOW COULD REGISTER 3 GET THAT LARGE ? 000184C0
210 * 00018500
211 * 6. WHAT REGISTER CONTAINS THE COUNT THAT CONTROLS THE LOCP ? coo18600C
212 * 00018700
213 * 7. WHAT DCES IT CURRENTLY CONTAIN ? 000188C0
214 * CC018900
215 * 8. WHAT VALUE WAS USED TO INITIALIZE REGISTER 1 ? 00019C0C
216 * 0001910C
217 * 9. WHAT IS THE CURRENT VALUE OF "LISTLLEN" ? 00019200
218 = 000193G0
219 * 10. SHOULD THAT BE VALID ? C0019400
220 * 00019500
221 * 11. IF IT IS VALID, IT SHOULD BE TESTED FOR IN THE PROGRAM, C0019600
222 * OKy ADD THE CODE THAT WOULD TEST FOR A ZERO VALUE OF 0C01L9700
223 * "LISTLILEN", AND YOU WILL HAVE SOLVED THE PROBLEM. 00019800
224 * 00019900
225  dkaodkokdeok i 33k Ak sk i v xR ok o sfe e 3ok e g sk o e ko o e o ko R eofe o ok koo ioleokokosk ko kR kR ok okkkx kk%x 00020000
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00912000 *
00512000 *d007 3HL STI0YINOD T ¥3ILSIO3Y °*9 *
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SAMPLES FOR PROGRAM LOOPS WORKSHOP. PAGE 10
LOC O0BJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FOBAPRTO 9/16/70
256 kAR %A FOR R ORRF R R I R kR kR R R Rk R R KRR R R R R R KRR R R kK kKK xkkxk%k 00023100

257 * ANSWER THE FOLLOWING QUESTIONS ABOUT THE PRECEEDING EXAMPLES. 00023200

258 * 00023300

259 * 1. WHICH INSTRUCTIONS IN "EXAMPLEA"™ TEST FOR THt "ZERQO- 00023400

260 * SPECIAL CASE"™ CONDITION ? 000235G0

261 * 00G23600

262 * 2. WHICH INSTRUCTION(S) SETS UP THE ADDRESS OF THE NEXT ITEM 00023700

263 * IN THE LIST FOR EACH OF THE FOLLOWING ROUTINES ? 00023800

264 * 00023900

2€5 * A. "EXAMPLEA"™ ? 00024000

266 * B. "EXAMPLEB" ? 00024100

267 * C. "“EXAMPLEC" ? 00024200

268 * D. "EXAMPLED" ? 00024300

269 * 00024400

270 * 3. IN "EXAMPLEB", WOULD THE LOCP STILL WORK IF THE "ALR? €0024500

271 * WERE REPLACED BY * SLL R5,1 ' ? 00024600

272 * 00C24700

273 koo Rk ook koo ok koo ok R o kR R AOR FOoR R R AR KRR RRR R KR Rkx KKk xRRkxkkx 00024800
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SAMPLES FGR PROGRAM LOOPS WORKSHOP. PAGE 11

LNC 0NBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FO8APRTO 9/16/70
275 ¥ ooeeoeaoesssecsssassssscscoanssscoscsssasessssecsssssscsssssscsnsssssssss 00025000
276 * G3025100
277 * ANSWERS FOR THE PROGRAM LOOPS WORK PRUJECT. G0025200
278 * 00025300
279 x* 1. THE TWO INSTRUCTIONS ' LTR R1,R1 * AND ' BZ ENDEXA * 00025400
280 * TEST FOR A LIST CONTAINING ZERO ITEMS. €002550¢C
281 * 0002560u
282 * 2. EACH OF THE FOLLOWING BUMPS THE POINTER ADDRESS TO THE 0002570C
283 * NEXT ITEM TO BE HANDLED IN THE LIST. 00025800
284 * A. LA R3,2(R3) 00025900
285 * B. BXLE R3,R4,LO0PEXB 006u26C0C
286 * C. LA R3,2(R3) 00026100
287 = De. AH R3,=H121? 00026200
288 * 00026300
289 * 3. NOT COMPLETELY, BECAUSE THE 'ALR' IS BEING USED TO TEST 00026400
290 * FOR A ZERO ITEM LIST AT THE SAME TIME, AND THE *StL" 00026500
291 * WOULD NOT SET A CONDITION CODE TU INDICATE A ZERO ENTRY 00C26€00
292 * LIST. 0626700
293 * 000268CC
294 Feeeeeessecsestecsssescsssssesstsecassessarsesssssssensscssssassescsecoses CCO2690C
000086 58DD 0004 00004 296 L R1344(R13) 0CG27100
0000BA 98FEC DGGC 0000C 297 M R144R12412(R13) 00027200
COUGORE OTFE 298 BR R14 0C2273Co
C320CO 200 SAVEAREA DS 18F 53027500
0C0108 2C1EQ01CCC1AQC18 301 LISTI1 oC I5AL2(LISTLILEN=-%) THESE ARE THE VALUES TO BE ADDED. 000276G0
002126 S0OF 302 LISTILEN DC AL2((*~LIST1)/L*LIST1) NUMBER OF ITEMS TO BE ADDED. 200277C3
001300 303 END LOOPSECT ¢0Cc2780C
€00128 09CCCa0C 304 =V(PCHKRETN)
c0012C 0001 305 =H'1"
CCC12F CAO03 306 =X*0AQJ3"

272213C 0002 307 =H'2"'

~




POS.ID

C1

172

REL.ID

G2

FLAGS

1C

ADDRESS

000128

RELOCATION DICTIGONARY

PAGE 1

9/16/70

[




eL

CROSS-REFERENCE

SYMBOL LEN VALUE DEFN REFERENCES

BR14 0CCJ2 000028 0C032 003C 0031

ENDEXA G0001 0QCGC44 0OCCT6 0070

ENDEXB 20C01 000C66 00108 0100

ENDEXC 000C1 COGLC86 00133 o128

ENDEXD 00001 CO0OB4 0Cl64 0160

EXAMPLEA 00004 GOCO2A 00066

EXAMPLEB 03004 000046 00096

EXAMPLEC 00004 000C68 00124

EXAMPLED 00CC4 CCOC98 (35156

LIST1 00002 000108 00301 0073 0102 0129 0161 0302 0302
LISTILEN 00002 000126 00302 0066 0096 0124 0145 0145 0156 0301
LnNPD2 00004 00CCA8 00161 0159

LOOPEXA 00004 0C0G38 00073 0075

LOJOPEXB 00004 00GO5E 0G1Gé6 o107

‘LOOPEXC 00002 00007¢ 00127 0132

LOOPEXD (GOG34 OCOOAQ GCG159 0163
LONPSECT 00001 C©CGCO00 COCOlL 03C3

RO 00001 CGUG0O0 00003

R1 00C01 0GGCO1 0CCO04 0066 0069 0069 0C75 0124 0127 0127 0131 0156 0159

R10 C0CO1 C0GOGA Gio13

R11 CQ001 COC00UB QG014

R12 C0C01 00Cu0C 0CCl5 0019 0020 CC21 Q297

R13 003501 ouCO0D CCO16 0Cle 0023 C024 CO025 0026 0026 0296 0296 (297

R14 00C01 GOUOOE OCClL7 0019 0032 0297 0298

R15 C0201 O00GUOF 00018 0022 0023 00624 0025 0029 92030 0147 0148

R2 00001 J00G02 CGO05 0067 0067 0073 0097 0097 0106 0125 0125 0126 0129 0157 (l57 O0lé6l

R3 00001 0V0003 Q0CC6 cc72 0C72 00673 0C74 0074 0102 0103 ClCe U1U7 0126 0129 0130 0130
0161 0162

R4 C0001 GOOCO4 Q0007 01cs5 0107

RS C2001 GOCUO5 Coocs 0096 €099 0099 (103 O01C4

R6 00001 0GU006 00009

R7 00061 0GCQO7 0cC0l0

R8 0n0C1 00GC08 00GCL1

R9 00001 000GC9 00012

SAVEAREA 0CCC4 00CG0CO 00300 G022

NO STATEMENTS FLAGGED IN THIS ASSEMBLY

*STATISTICS * SGURCE RECORDS (SYSIN) = 2718 SOURCE RECORDS (SYSLIB) = 25

*0PTIONS IN EFFECT* LIST, NODECK, LOAD, NORENT, XREF, NOTEST, ALGN, 0Ss LINECNT = 55
357 PRINTED LINES

PAGE 1

9/16/70C

158 0158
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F44-LEVEL LINKAGE EDITOR OPVYIONS SPECIFIED MAP,LET,LIST,NCAL

VARTABLE OPTIONS USED -

SIZE=(450564+6144)~

DEFAULT OPTION(S) USED

TEWCJ00 ENTRY UTILITY
MODULE MAP
CONTROL SFECTION ENTRY
NAME ORIGIN LENGTH NAME LOCATION NAME LOCATION NAME LOCATION
LOOPSECT G0 132
UTILITY 138 5A0
PRINT 19A PCHKRETN 2F6

ENTRY ADDRESS 138

TOTAL LENGTH 6D8
x&kH%G0O DOES NOT EXIST BUT HAS BEEN ADDED TO DATA SET

NAME

LOCATION
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SSSSSSSSSS
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TITTITTITITTTTY

AR}
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1T

T

TT

1T

1T

17
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999999999999
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SL

SYMRAOL

NESTEDLP

TYPE ID ADDK

SD 31 J34J4000

LENGTH LD ID

EXTERNAL SYMBOL DICTIONARY

14.14

PAGE 1
9/16/70



PAGE 1

LGC O0OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FO8 APRTO 9/16/70

¢00000 1 NESTEDLP CSECT 00GG0100
2 COPY MHMBEGIN 00000200

G00000 3 RO EQU 0 000C0700
000201 4 R1 EQU 1 00C0C800
©00002 5 R2 EQU 2 00000500
€02003 6 R3 EQU 3 0C001C00
000004 7 R4 EQU 4 00001100
000005 8 RS EQU 5 006C01200
C2l006 9 R6 EQU 6 00CC13C0
GC0007 10 R7 EQU 7 00001400
000C08 11 RS EQU 8 C00C1500
000009 12 R9 EQU 9 00CC1600
C00C0A 13 R10 EQU 10 gccoLrroc
000028 14 R11 EQU 11 G0C0180C
000900C 15 R12 EQU 12 0CG0019G0
023000 16 R13 EQU 13 00002000
000COE 17 R14 EQU 14 00002100
000COF 18 R15 EQU 15 000062200
200000 90EC DOOC cococC 19 STM R144R12412(R13) SAVE THE CALLER®*S REGISTERS 00002400
N02004 05CO 20 BALR R12,0 ESTABLISH PROGRAM BASE 20002500
022006 21 USING *4R12 LET THE ASSEMBLER KNOW. 0Cu02600
000006 41FC Cl32 00138 22 LA R154SAVEAREA ADDRESS OF MY SAVE AREA GC002700
2CQ00A 57FD C008 0oco8 23 ST R15,48(R13) BACKWARD CHAIN oouu2soe
O00COE S5CDF COCl« CCO04 24 ST R13,4(R15) FORWARD CHAIN 000C2900
S 000012 180F 25 LR R13,4R15 ESTABLISH MY SAVE AREA 00003C20
G02014 D7C3 DCO8 DCUsB 0GCO8 00008 26 xXC 8(4,R13),8(R13) TERMINATE THE FORWARD CHAIN ¢cooo31a¢C

27 * END OF STANDARD ENTRY LINKAGE CONVENTIONS. 00003200




NESTED LOOP SAMPLE ¢eee++sGROSS SALES PROGRAM. PAGE 2

LNC NBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FO8APRTO Q/16/7C
29 * T T e L 1] cCJ00400

30 * * NESTED LOOP SAMPLE PROGRAM, * 0G0C0500

31 * * * 000006G0O

32 % ook AR g KR R KK o e o R R R K G0000700

34 kbbbt r bttt bbbt bbb bbb bbbt bbb bbb bbb bR bbb bbb E 44+ 00000900

35 * 000010G0O
36 * THIS PROGRAM IS DESIGNED TO COMPUTE THE TOTAL GROSS SALES IN 00001100
37 * AN OFFICE WHICH HAS FIVE SALES MANAGERS. EACH SALES MANAGER 00001200
38 * HAS FIVE SALESMEN WORKING IN HIS TERRITORY. 00001300
39 * 00001400
40 * THE PROGRAM SUMS THE SALES FOR EACH SALES MANAGER AND FOR THE 00G01500
41 * ENTIRE OFFICE AT THE SAME TIME. 00001600
42 % 06001700
43 * THIS IS DONE BY USING TWO LOOPS 'NESTED' WITHIN EACH OTHER. 00001800
44 * THE OUTERMOST LOOP STEPS THE PROGRAM FROM ONE SALES MANAGER 00001900
45 *x TO THE NEXT, WHILE THE INNERMOST LCOP CONTROLS THE ADDITION 00002000
46 * OF THE SALES OF EACH SALESMAN IN THE MANAGER'S TERRITORY. 600021C0
47 * £0002230
48 * THE DATA EXISTS IN A TABLE THAT LOOKS LIKE THIS: 000023C0
T I R e kS L L S 2L S elelel ol el
51 Feoeooosacsoessscsossssessscsssscsssossesesssssassecsscsssscscacscscccccsces 00002600
52 * 00002700
53 * EACH BLOCK IN THE TABLE REPRESENTS AN 8-BYTE NUMBER WHICH €0002800
54 * CONTAINS THE GROSS SALES FOR EACH INDIVIDUAL SALESMAN. (THE 0C002900
55 * NUMBERS ARE IN PACKED DECIMAL FORMAT.) 0000300C
56 * 00C03100
57 * EACH SALESMAN IS IDENTIFIED BY TWO NUMBERS, SEPARATED BY CC003200
58 * A COMMA, THE FIRST IS THE NUMBER OF THE MANAGER 000033200
59 * FOR WHOM THE SALESMAN WORKS, AND THE SECOND NUMBER IS THE 00003400
60 * SALESMAN'S NUMBER IN HIS MANAGER'S TERRITORY. 00CC350C
61 * 00003600
62 * | TOTALS | GROSS SALES BY SALESMAN NUMBER | 000037c0
&5 % + -+ + + +- + + 00003800
64 * | MANAGER 1 | (1,s1) | (1+2) | (1+3) | (1.4) | (1ls5) | 00003900
65 * + + + + + + " 00004000
66 * | MANAGER 2 | (241) 1 (242) | (243) | (2+44) | (2,5) | 0C004100
67 * + + + + + + - 00004200
68 * | MANAGER 3 | (3,1) | (3,2) | (343) | (3,4) | (3,5) | 00004300
69 * + + +- + + + ' 00004400
70 * | MANAGER 4 | (4,1) | (4+2) | (443) | (4,4) | (4,5) | 0C004500
71 % + + + +- + + . 2004600
72 * | MANAGER 5 | (5,1) | (5,2) | (543) | (5+4) | (5,5) | 00004700
73 % + —_— + + -—+ + + 00004800
14 * | OFFICE | 00004900
75 * to—mm + 00u0d50C00
76 * 00005100
T7 ®eeeesesosossvssssssscssssessssesescsssassosassasssssssssscssscseccssscssasssse 00005200




8L

*
*
*

Sk k A ] Fokdokk Kok k
*

BEGIN :
Stk ddokokok Rk ok

Rk Bldkkkkkdk
x* *

*POINT TO NEXT*
* SAL ESMAN *

* *
gk ddookk Rk ko
A

dokkokok A 2 %ok ok ok ok

* *

* HOUSEKEEPING *
D R

_______ >% AND REGISTER %
¥INTTIACTZATION . %

Sk ok kokokokk ok kkok

SuMLOOP v
ARk R kB Hokkkkkkkdkok
*

*
*ADD A SALE SMANS*
———<===>x TOTAL ALS %

¥MANAGERS TOTAL.*

stk sokokoiok dokdok k&

v
fekodokok ) 2 ko Rk koK
* ADD MANAGERS *
*TOTAL TO OFFICE=*
*TOTAL AND POINTx*
:TO NE XT MANAGER§

e e e ek ok ok eskok

3 4 3

Fodokk £3 dokdokolokkokok

RETURN.
Sk gk dok ko Rk Rk

%*
*
*




6L

Lac

00001A
00001E
000020
£00026
00002A
000030
000034
300038
00003C

OBJECT CODE ADDR1

9836
1344
FATT
8634
FATT
4155
4133
4660
0000

Cl7A

5000
co1aA
Cl2A
0030
c058
COlA

3000 000GO

500C 00130

NESTED LOOP SAMPLE......GROSS SALES PROGRAM, PAGE 4
ADDR2 STMT SOURCE STATEMENT FO8APRTO 9/16/70
00180 94 M 3464=A(TOTMGRO1+40,8,TOTMGRC1,5) INITIALIZE REGISTERS 0C0C69C0O

95 LCR 494 0C007000
00000 96 SUMLOOP AP 0(8495)40(8,3) ADD A SALESMAN'S TOTAL TO MANAGER'S 0000710C
0coz20 97 BXH 3+4,SUMLOOP REPEAT FOR ALL THIS MANAGER'S MEN. 00007200
00000 98 AP TOTOFFIC+0(845) ADD THE MANAGER'S TOTAL TO THE OFFICE 00007300
00030 99 LA 5,48(5) POINT TO NEXT MANAGER 00007400
00058 100 LA 3,88(3) POINT TO HIS LAST SALESMAN. 00007500
00020 101 BCT 6, SUMLOOP LOOP UNTIL ALL MANAGER'S ARE DONE. 00007600
102 DC H'O! GET A DUMP TO CHECK THE ANSWERS. 000G7700
104 *EEEEEEEEEEEEEEEEEEEEEaEEEEEEEEEEEEEEEEEEEELEEEEEEELELEEEEEEEREEEEEE8E 000079C0
105 * 0C008000
106 * ANSWER THE FOLLOWING QUESTIONS ABOUT THIS CODING ROUTINE. 00008100
107 * 00008200
108 * 1. HOW MANY TIMES WILL THE 'AP' INSTRUCTION AT 'SUMLOOP' BE 00008300
109 * EXECUTED ? 00008400
110 * 00008500
111 * 2. HOW MANY TIMES WILL THE OTHER *AP' INSTRUCTION BE 00008600
112 * EXECUTED ?? 00008700
113 * 000C880C
114 * 3. WHICH INSTRUCTION CONTROLS THE NUMBER OF TIMES: 00008900
115 * A) THE INNER LOOP IS EXECUTED ? 00009000
116 * B) THE OUTER LOOP IS EXECUTED ? 00009100
117 * | 00009200
118 *GGEEEEEEEEEEEaEEEELEEEEEEEEEREEEEEELEEEEEEEEELLELEEEEEEELEEEEEEEEEEEEE 00009300




08

Loc

CJCCA8

202000

0Co0ns

0060100

000108

000130
000138

¢00180

NESTED LUOP SAMPLE......GROSS SALES PROGRAM.

OBJECT CODE ADDR1 ADDR2 STMT

00000C000G0CuC0oC
0000006C01127403C
J0800C30C0TLLCuaC
000N00000264833C
20C0CUV000OCCLT0C
000003CC02346159C
200000CCGa0uGa0C
230030001967736C
0CC0C000000000CC
000000000551563C

300004 C0000G6GC00C

00000C68000C0008

120
121
122
123
124
125
126
127
128
129
130
131

133

SOURCE STATEMENT FO8APR70

K 4 eeeeeaaesanesanesssesesessnccasnsctscsosesesnetsoccasocasettosconsane
*
#%EANSWERS « o o &
¥*
* 1. 25 TIMES, ONCE PER SALESMAN (5) PER MANAGER (5). 5 X 5 = 25
*
* 2. 5 TIMES, ONCE PER MANAGER (5).
*
* 3. A) ' BXH  3,4,SUMLOOP !
* B) ' BCT  6,SUMLOOP *
*
K 44 e e e e e st eetaneeaeeateeaseeasetaatacattosetosaseocasnesecnasostrastan
*
* THESE CNNSTANTS REPRESENT THE TOTAL GKOSS SALES 0OF THE 25
* SALESMEN DESCRIBED IN THE PROLOGUE TO THIS CODING SAMPLE.
*

DS 0D ALIGN FOR READABILITY'S SAKE.
TGTMGRO1 DC pLE'O" TOTAL FOR MANAGER NUMBER 1.
* THESE ARE SALESMEN 1 TO 5 FOR MANAGER NUMBER 1.

DC PLB'11274.03,10163.19,6441.78,9437.62,26619.18"
*
TOTMGRO2 DC PL8?O! TOTAL SALES FUOR MANAGER NUMBER 2
* THESE ARE SALESMEN 1 TO & FOR MANAGER NUMBER 2.

DC PLBY2648.33,9177.5416122.10+7543.71,5596.44"
TOTMGRO3 NC PLB1O" GROSS SALES FOR MANAGER 3.
* THESE ARE SALESMEN 1 TO 5 FOR MANAGER NUMBER 3.

DC PLE'23461.59,17596.7143377.48,6781.54431766.53"
*

) TOTMGRO4 DC PLB'O! TOTAL GROSS SALES FOR MANAGER 4.

* THESE ARE SALESMEN 1 TO 5 FOR MANAGER NUMBER 4.

DC PL8'19677.36,8871.59,9433.17,5761.08,11989.67"
*
TOTMGRO5 DC PLETO! TOTAL SALES FOR TERRITOKRY 5.
* THESE ARE SALESMEN 1 TO 5 FOR MANAGER NUMBER 5.

oC PLB'5515.63,2292.62,7360.72,12357.11,14145.92"
*
TOTOFFIC OC PLBYO" TOTAL GROSS SALES FOR THE OFFICE.
SAVEAREA DS 18F

END

=A(TOTMGROL+40,8, TOTMGROL,5)

PAGE 5

9/16/70

€00095G0
60009600
00009700
00009800
00009900
000106000
00010100
00010200
00010300
00010400
GCC10500
C0C10600

0001080C
00010900
00011000
C0011100
0Cu11200
00011300
00011400
00011500
00011600
0UC117GC
000118CO
000119300
00012000
00012100
00G12200
0001230¢C
0G012400
00012500
00012600
006012700
00012800
000l1l2°90C
C0013C00
00013100
G0013200
00013300
00013400
00013500




RELOCATION DICTIONARY PAGE 1

POS.ID REL.ID FLAGS ADDRESS 9/16/70

01 01 ocC 000180
01 01 ocC 000188

18




CROSS—REFERENCE PAGE 1

SYMBOL LEN VALUE DEFN REFERENCES 9/16/710
NESTEDLP 00001 0000CO 00001
RO 00001 00CGOO 00003
R1 00001 0CO0GO1 00004
R10 00001 COOOCA 00013
R11 CCO0Gl1 00C00B 0CO14
R12 C0CO01 0000GC 00015 0019 0020 0021
R13 00001 00000D 0GC1l6 0019 0023 0024 0025 0026 0026
R14 00001 0000CE 0GO17 0019
R15 00001 O0000CF o0cC1s8 0022 0023 0024 0025
R2 00001 0G0OC02 06005
R3 00001 000003 COOO06
R4 0C0C1 000004 00007
R5 00001 00CGC5 00008
R6 00001 000C06 0GOC9
R7 ¢00G1 CCO0O07 oOO0C10
R8 C0CO01 000CC8 GOC11
""" T i i BQ e e FQ001 CO0C09 00012

SAVEAREA 0GCO4 GGC138 00159 0022

SUMLOOP 000u6 C0G02GC C0096 0097 0101

TOTMGRCL 0CO0C8 000040 00138 0094 0094 (161 Clél
TOTMGRO2 C0O0C8 000070 00142

TOTMGRC3 00008 J0GCAD 00146

TOTMGRC4 00CC& 0OCu0DO 00150

TOTMGRO5 00008 COC100 00154

TOTOFFIC CO00G8 (GO0130 00158 ocse

z8

NO STATEMENTS FLAGGED IN THIS ASSEMBLY

*STATISTICS* SGURCE RECORDS (SYSIN) = 135 SOURCE RECORDS (SysLIB) = 25

*0OPTIONS IN EFFECT* LIST, NODECK, LOAD, NORENT, XREF, NOTEST, ALGN, 0OS, LINECNT = 55
205 PRINTED LINES




F44-LEVEL LINKAGE EDITGR OPTIONS SPECIFIED MAPLLET,LIST,NCAL

VARTABLE OPTIONS USED -
ENTRY UTILITY

TEWCO00

CONTROL SECTION

NAME ORIGIN
NESTEDLP ocC
UTILITY 19C

ENTRY ADDRESS
TOTAL LENGTH

*%%XG0 DOES NOT EXIST BUT HAS BEEN ADDED TG DATA SET

LENGTH
190
5A0

190
730

ENTRY

NAME

PRINT

SIZE=(45056,6144)-

DEFAULT OPTION(S) USED

MODULE MAP
LOCATION NAME
1F2 PCHKRETN

LOCATION

44E

NAME

LOCATION

NAME

LOCATION




F.P. REGS. 0C.0CuCGO 0CC1C060 C0.000001 OOO7O0AE4 00.C174A0 O0O0T70AEOQ 00.070EEC 00070C84

REGS 0O-7 FFFFFF2E 0006BFF8 COOLC57C 0005FA28 FFFFFFF8 O0O05FAO00 000C0000 COO019598

REGS 8-15 0G01C560 0000000G 0001C588 00000000 6F05F8D6 0005FA08 000GCCT7D4 0005FAO0S8

CCJ090¢C 00G300CL COGUG000 0000C0O00 00000000 0005F8D0 CO0CO0000 FFO50CUC BOOTEAS8 *eeeseoeescssceccsaoBecocossosoecseasX
022020 000400C3 50006A3E FFC50001 6FO5F90E OOCOFFOO0 00000000 FE040233 B80000AlE *esesessesbEeceeTeceosessccscancas
©Co040 J0C6C498 CTCGAGCC1 000714D0 00005920 C83D5B00 C000996C 00C40000 GCCO0T7498 *eeDeeoeescccccecossoncoscscoccnanca
2C5C60 2004000C CCOCT7BC8 0C040GC00 00037588 COCO0000 00012D10 0C04000C OOOGT751A *.eeeeeeHeoooooeeeoscacoaosonnoane¥
C5F82CT N008DJIG8 CTFEQCCO 00C00000 0CGCI0CCC QCOECDCCC C5C041FGC CL325CFD OOO850DF *4eeeseseccssccsscccsoselAscanace¥
O5F8EC 220416DF D703DCC8 D0089836 Cl7Al344 FAT75000 30008634 CO1AFAT77 CLl2A5000 *eeeePeeeesssAecescccasossnncsAeac¥
D8FQ2¢C 41553G30 41330058 4660CC1A C0GC04740 00COCCO0 6393580C 000000CC 1127403C *eeeesessosccssse osassssssascss oF
C5F920 50005000 1016319C 00000000 0644178C 00000000 C943762C 000000CC 2661918C *eveesecescceccsccsscsccsscscnsosscsX
CS5F94C JC0CuuU0C 3108812C 000000CO 0264833C 000000C0 0917754C O0CO000CO 0612210C *eeeeessccscscccsosssscsacssassnssas
15F960 200GC00C 0754371C 0CCCOGIG $559644C 00C00000 8298385C 00UOOCOC 2346159C *eeseseessscccsccsassosssossssosnsss¥
05FS30 02006L0C 1759671C 0CO00000 0337748C 0C00C0G0 0678154C 00GCO000C 31766530 *eeeeesoscscosossccsossccscssscnassX
O5F9AC 0CSLCICG 5573287C 00000000 1967736C 00000000 0887159C 00000000 0943317C *eeeesessssecscsccsssssssscsassscscsX
05F9CO 00000CC0 G576108C 000000C0O 1198967C 00000000 4167200C 00000000 0551563C *eeeeecosccccscccocsssosssocsaseassss¥
C5F9%0 00000000 $229262C C0000000 0736072C 00000000 1235711C 00000000 1414592C *eeeseeesccccccsccsccscssscscnsnsnsceX
C5FAQC 0000C0C2 7541264C 47405416 0006BF68 00000000 541094FA 41110C0C OAUA4100 *eeeeaoees cceccocscsscsssosssscscsX
05FA20 5118181D 541094FA 41110000 OAOAD203 C02494FE D203C028 94FEF104 TO044T10 *eeeoeoceesssseKeooeeKeososasosnooX
O5FA40 945858FC 94DA920C C02705FF D2C3CC24 OCO5F938 (000CGCO08 00C5F910 00000005 *eeslOseessseeKoeoooeTeooooeeTannas¥
05FA60 SOECDUOC C5C004F0 07004110 COLOGCS11 OF05FB0O4 7TFFFOAQOE 58B00010 9110B074 *eeeeeeeCoccscococccccsscsscnnsnae¥
060020 4AQU9BDE 40050000 4TF095C6 48609BEE 8A600001 477GC96SE 48609C26 41660001 *eeee oseeeleFeceaccsccsscosnscnnac¥

st s e e e o s e oo ofe sl ook s oo ek o o ok ok s e o s ekl ek e et etk ol ok sk ok st et ol o s o e Aok g ok o o K ot oK e e R e ol ok oK o sk e R e o o ek ok




S8

LL 0000000C0000C 000000000000  PPPPPPPPPPP SSSSSSSSSS TITTTTIVITYTY AAAAAAAAAA
LL 000000000000 000000000000 PPPPPPPPPPPP SSSSSSSSSSSS TUITTTTTTTTTT AAAAAAAAAAAA
LL 0o Q0 00 00 PP PP SS SS 1T AA AA
LL s8] 00 00 00 PP PP SS 7 AA AA
LL ale} 00 00 00 PP PP SSS 17 AA AA
LL 0o 00 00 00 PPPPPPPPPPPP SSSSSSSSS T AAAAAAAAAAAA
LL 0o 00 00 00 PPPPPPPPPPP SSSSSSSSS T AAAAAAAAAAAA
LL oo 00 0o 00 PP : SSS TT AA AA
LL 00 00 00 00 PP SS T AA AA
LL (s]s] 00 00 00 pp SS SS 1T AA AA
LLLLLLLLLLLL 000000%00000 000000000000 PP SSSSSSSSSSSS T AA AA
LLLLLLLLLLLL 000000000000 000000000000 PP SSSSSSSSSS T AA AA
9999999999
999999999999
99 99
99 99
99 99
999999999999
999999999999
99
99
99 99
999999999999
9996999999
B ke o ok sk e e o e e ok o o sk e o o gk sl ek ofe ok ke ek ke ook e ok ok koo Rk ek ok Rk * xkkkE EERBRERRKK KKK KKK EREERRKEREEEEERK KRR
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SY480L

NESTEDTA

TYPE ID

SD

Ci

ADDR  LENGTH LD 1ID

SCuwJd0G 0Co19s8

EXTERNAL SYMBOL CICTIONARY

14.18

PAGE 1
9/16/70




Loc
000000

000000
000001
000002
000003
000004
000095
000006
000007
00008
000009
00000A
00008
00009C
000000
20000E
00900F
000000
000004
000006
000006
00000A
00000E

o 000012

S pooc14

NBJECT COPE

90FC DGGC
25C0

41F0 Cl1l4A
50FD 00C8
5CDF 0C04
18DF

ADDR1 ADDR2

0000C

0015C
00008
00004

D7C3 DCO8 DUOs CLCO8 00CGO8

STMT SOURCE STATEMENT

1 NESTEDTA CSECT

2NN COPY MHMBEGIN

3 RO EQU 0

4 R1 EQU 1

5 R2 gQU 2

6 R3 EQU 3

78 EQU 4

HR5 L eu Gy

9 R6 EQU %

10 R7 EQU 7

11 RS EQU 8

12 R9 EQU 9

13 R10 EQU 10

14 R11 EQU 11

15 R12 EQU 12

16 R13 EOU 13

17 R14 EQU 14

18 R15 EQU 15

19 STM R144R12,12(R13)
20 BALR R12,C
21 USING *,R12
22 LA R15,SAVEAREA
23 ST R15,8(R13)
24 ST RL3,4(R15)
25 (R RI3,R15
26 XC  8(4,R13),8(R13)

FOBAPRT0

SAVE THE CALLER'S REGISTERS
ESTABLISH PKOGRAM BASE

LET THE ASSEMBLER KNOW.
ADDRESS OF MY SAVE AREA
BACKWARD CHAIN

FORWARD CHAIN

ESTABLISH MY SAVE AREA
TERMINATE THE FORWARD CHAIN

27T * END OF STANDARD ENTRY LINKAGE CONVENTIONS.

PAGE 1

9/16/10

000001G0C
00000200
000007060
000600800
00000900
00001000
00001100
00001200
06001300
00001400
00001500
00001600
00001700
00001800
0CG01900
00002000
00002100
00002200
00002400
00002500
00002600
00002700
00002800
00002900
00003000
00003100
00003200



LNOPS TROUBLE ANALYSIS PROBLEM 1. PAGE 2
LCC ORJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FO8APRTO 9/16/70
29 % FopdoRER R R Rk Rk R R R Rk R R RRRRRRER TR KRR 00000400

30 * * LOOPS TROUBLE ANALYSIS PRUBLEM 1.%* 0CC00500

31 % s dokOR FoR A R R ROk SRRk ok ROk ROk RORR %% 0GG00600

33 ook ok ok R doRodok kokaoR S ok ok koloko sk Rk sok ok SRR R R R ROk RoR Rl Rk kR ok RoR R kR Rk Rk 00006800

34 % 00000900

35 * YOU HAVE SEEN THIS PROGRAM BEFORE, ALTHOUGH THE CODING HAS C0001000

36 * CHANGED. DOOING SO SOMETIMES CAUSES PROBLEMS, SO, NATURALLY, 00001100

37 * THIS TIME THE PROGRAM DOES NOT WORK. YOU WILL HAVE T9 €0001200

38 * ACSERTAIN THE EXTENT OF THE FAILURE FROM THE DUMP THAT [S 00001300

39 % SUPPLIED. ONCE YDU HAVE DETERMINED WHAT THE PROGRAM FAILED 00001400

40 * TO DOy FIND THE FAILING INSTRUCTION(S) OR INDICATE THE 00001500

41 * INSTRUCTION(S) THAT NEED TO BE ADDED TO MAKE THE PROGRAM 00001600

42 * WORK., 00001700

43 % 00001800

44wk R R R R R R R R R R KRR R R R R KRR KRR R R Rk RR KRR Rk R R R RREKKE GO001900

46 K4ttt bttttbttb bbbttt bbbttt bbb bbbttt bbb 444+ 00002100

47 * 00002200
48 * THIS PKOGRAM IS DESIGNED TO COMPUTE THE TOTAL GROSS SALES IN 00002300
® 49 * AN OFFICE WHICH HAS FIVE SALES MANAGERS. EACH SALES MANAGER €0002400
* 50 * HAS FIVE SALESMEN WORKING IN HIS TERRITORY. 00002500
51 * 00002600
52 * THE PROGRAM SUMS THE SALES FOR EACH SALES MANAGER AND FOR THE 00002700
53 * ENTIRE JFFICE AT THE SAME TIME. 06002800
54 * 00602900
55 * THIS IS DONE BY USING TWO LOOPS 'NESTED® WITHIN EACH OTHER. 00003200
56 * THE OUTERMOST LOOP STEPS THE PROGRAM FROM ONE SALES MANAGER 00003100
57 * TO THE NEXT, WHILE THE INNERMOST LOOP CONTROLS THE ADDITION 00003200
58 * OF THE SALES OF EACH SALESMAN IN THE MANAGER'S TERRITORY. 00003300
59 * 00003400
60 * THE DATA EXISTS IN A TABLE THAT LOOKS LIKE THIS: 00003500
61 * 00003600
62 X4ttt ttttttttttittrttrtbttbtbbttttttttttttrttttrtrrirttbrbdbbebe+++++4++44++ 00003700




68

START

Sk ok A] dokdokdokk Rk
* BEGIN NFFICE
* SALES

* COMPUTATINN,
ok ok kKRR K ok ok

Log

ADD

+==>

Sk ok A 2 dedodok ok Kok ok
* *
®*INTTIALIZATION *
* A *
: HOUSEKEEPING :
*okok Kok Rk ROk Kok

P v
Hk B2 R ARk
%#SET UP LOOP*
* COUNT POINT

ok ok A 3k ok ko ok koK
*

*
*INITIALIZE FOR *
+———->: SUMMARY LOOP. :

* *
Sk ok Kook ok ook K

v
wke ok okok B3k kR Kok R kKK
* *
* ADD MANAGER'S *

* 0 NEX * +-—>*TQOTAL TO OFFICE#*
* SALESMAN. * * TOTAL. *
* %* * *
% 3 o S e ek e ek 33 3 e sk o ek ko e ke e sk doke Xk
v : v
ok k(2 Kok ko dkokok ok k%G 3 kkkkokkk
*ADD SALESMAN' S * * *
%*  TOTAL T0 * *POINT TC NEXT*
% MANAGER'TS  * *  MANAGER. *
* TOTAL . *
* * * *
ko ook ok kR kR ok ok X Rk e ek deokok
v v
S, JE,
p2° "%, D3’ %,
& LAST %, . *,

% SALESMAN %, . LAST %,
x. FOR THIS  .*% +-— %, MANAGER FOR .*
% MANAGER? . % *,0FFICE ? .%

X o o X *, 3
*, oK K, o X

% YES * YES
v
X,
g2 "%, v
o X *, Fodek HE B kokdeckdokFkok
& LAST %, YES *TAKE A STORAGE *
%. MANAGER FOR .% ==+ % DUMP *
% ,0OFFICE ? .% * *
%, I ek ok ook sekokokook Kok
Ko ok
*x

CHART LOOPTAL
PAGE 001 OF (o1



06

Lac

CoGC1A
C0001E
000022
200024
J00C28
00202E
290032
000036
NCCC3A
0COC3E
C00042
000046
00CCc4C
003050
000054

LOOPS TROUBLE ANALYSIS PROBLEM 1.

OBJECT CODE

417C
4180
1868
4166
FATT
4166
465C
41838
4670
4170
4160
FATT
4166
4670
090C

0005
CG52

008
8GC00
[olefer:}
Co22
CC30
ccic
CaC5
CC52
8G00
3030
C040

ADDR1

6uCd C4000

ADDR2

003005
00058

00008
000CO
c0008
00028
00030
00c22
00805
00058

; 00000

00030
00046

STMT

SOURCE STATEMENT FOBAPRTO 9/16/70
T o Yo Jo Te XL o)
* 00004000
* EACH BLOCK IN THE TABLE REPRESENTS AN 8-BYTE NUMBER WHICH 06004100
* CONTAINS THE GROSS SALES FOR EACH INDIVIDUAL SALESMAN. (THE 00004200
# NUMBERS ARE IN PACKED DECIMAL FORMAT.) 00004300
* 00004400
* EACH SALESMAN IS IDENTIFIED BY TWO NUMBERS, SEPARATED BY 00004500
* A COMMA, THE FIRST IS THE NUMBER DOF THE MANAGER 00004600
* FOR WHOM THE SALESMAN WORKS, AND THE SECOND NUMBER IS THE 000047C0
s SALESMAN'S NUMBER IN HIS MANAGER'S TERRITORY. 06004800
* 00004900
# | TOTALS v GROSS SALES BY SALESMAN NUMBER | 0CL05000
* + - —_—— + +— + + 00005100
* | MANAGER 1 t (1s1) | (142) | (143) | (1,4) | (1,5) | 0005200
* = + £ pm—————— e - 00005300
* | MANAGER 2 | (2,41) 0-12,2) (293) | (2+4) | (2+5) 1 00005400
* e tm—————— + -+ ~=a 00005500
* | MANAGER 3 | (3,1) | (352) | (3,3) | (3,4) | (3,5) | 00005€6C0
* + ———t + + +- + 00005700
# | MANAGER 4 | (441) | (442) | (4,3) | (454) | (445) | 6C005800
* += —+ + + - o 02005900
* I MANAGER 5 | (541) | (5,2) | (5,3) | (5,4) | (5,5) | e 006000
% + —_— _— _— + ——— e ' 00006100
* | OFFICE | N B :-00006200
* o + [ £ 000063G0C -
* 0 ; : 00006400
Feeeeneseateatatecessasstatesettccsctcoscsrtsescsopatsesoracssaessessss 00606500

[ ",/ I} L
o i
“LA RT, S INITIALIZE REGISTERS. 0C00670C
LA (R85 TOTMGROL - POINT TO FIRST MANAGER. 0GC006800
LOOP B (R R6 4R8 -+ INITIALIZE QUTER LOOCP. 0C006S00
;;:LA R6,8(R6) POINT TO FIRST SALESMAN FOR MGR. 00007C00
ADD iy _®AP 0(84R8)40(84R6) ADD A SALESMAN®*S TOTAL TO MANAGER'S 0COC7100
U TR R6,8(R6) POINT TO NEXT SALESMAN. 00007220
\£;§§I» R5'yADD .- REPEAT FOR ALL SALESMEN. 00007300
tA “K8,48(R8) \ POINT TO NEXT MANAGER. 00007400
BCT R74LOOP REPEAT FOR ALL MANAGERS. 00007500
LA R7,5 INITIALIZE FOR SUMMARY LOOP. 00067600
LA R6, TOTMGROL POINT TO FIRST MANAGER. 0C007700
AP AP 0(8,R8),0(84R6) ADD TOTAL TO OFFICE TOTAL. 000CT8CO
(W) R6448(R6) POINT TO NEXT MANAGER. 00007900
BCT RT4AP REPEAT FOR ALL MANAGERS. 00008000
. DC H*CO" 00008100

TAKE A DUMP TO SEE ANSWERS.
[
1, oL

[ r
(b -
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Loc

0eneose
000058

000060
09C088
000090
cco088
2CJCC O

0CJ0ES

coo118
000120

2
000148
0C0150

LOOPS TROUBLE ANALYSIS PROBLEM 1.

OBJECT COGDE

0C0J30G000GGG000C

000000001127403C
22000000CQGGLa0C
000000C00264833C
000000 CCOGCCUTOC
0C00000G2346159C
00C0C000000CT00C

COC0CUC1967736C

00C0000C0551563C

C2Cd0000C00C000C

ADDR1 ADDR2

STMT

122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
14C
141
142
143
144
145
146
147
148
149

SOURCE

3 3 3 %

TOTMGRO1

E3

TOTMGRO2
%*

E3

TOTMGRO3
*

*
TOTMGRO4
*

o

TOTMGRO5
*

*
TOTOFFIC
SAVEAREA

STATEMENT FOBAPRTO
THESE CONSTANTS REPRESENT THE TOTAL GROSS SALES OF THE 25
SALESMEN DESCRIBED IN THE PROLGGUE TO THIS CODING SAMPLE.
DS 0D ALIGN FOR READABILITY'S SAKE.

DC pLa' Q" TOTAL FOR MANAGER NUMBER 1.
THESE ARE SALESMEN 1 TO 5 FOR MANAGER NUMBER 1.

bC PL8'11274.03410163.1996441.78+9437.62,26619.18"

DC PL8'C! TOTAL SALES FOR MANAGER NUMBER 2
THESE ARE SALESMEN 1 TO 5 FOR MANAGER NUMBER 2.

boc PL8"2648.3349177.5496122.10,7543.71,5596.44"

DC pLg'C! GROSS SALES FOR MANAGER 3.

THESE ARE SALESMEN 1 TGO 5 FOR MANAGER NUMBER 3.

bC PL8'23461.59917596.7143377.48,6781.54931766.53"

DC PL8'O! TOTAL GROSS SALES FOR MANAGER 4.
THESE ARE SALESMEN 1 TO 5 FOR MANAGER NUMBER 4.

DC PLBY19677.3648871.5999433.17,5761.08,11989.67"

DC PL8'O" TOTAL SALES FOR TERRITORY 5.
THESE ARE SALESMEN 1 TO 5 FOR MANAGER NUMBER 5.

DC PL8'5515.6392292.6297360.72912357.11,14145,.92"

bDC PL8'O" TOTAL GROSS SALES FOR THE OFFICE.
DS 18F

END

PAGE 5
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0C0097CO
00009800
000099GC
000100060
00010100
0001¢C200
000103G0
00010400
00010500
0C010600
CC010700
000106800
00010900
cool1c00
00011100
00011200
000113CO
0Ccol140¢C
00011500
00011600
00011700
00011800
00011900
0G012000
coo12100C
00012200
00012300
00012400



CROSS-REFERENCE

SYMBOL LEN VALUE DEFN REFERENCES

ADD 00006 000028 00096 0098

AP 00006 000046 00103 0105

Loor 00002 C000G22 00094 0100

NESTEDTA 00001 000000 00001

RO 00001 000000 00003

R1 00001 0000601 00004

R10C 00001 00CO0CA 00013

R11 00001 ©OOCOB 00014

R12 000C1 00CGOC 00015 0019 0026 0021

R13 00001 GOOOOD 0CO016 0019 0023 0024 0025 (0026 0026
R14 CG001 OCOOOE COO017 0019

R15 00501 QGOCCF 00018 G022 €023 - 0024 CO025

R2 00001 GGO002 00005

R3 C0001 0GGO03 GOOCs

R4 00001 0CC004 COOC7

R5 00001 000CC5 GGoOO08 0098

R6 C0001 000006 0CCO9 0094 0095 0095 0096 0097 0097 0102 0103 0104 0104
R7 000C1 000G0O7 0GO10 0092 0100 0101 0105

R8 00001 0CGCCO8 00011 0093 0094 0096 0099 0099 0103
R9 00001 0CCGCG9 0CGO012

* SAVEAREA 00004 000150 00148 c022
TOTMGRC1 00008 000GC58 QG127 0093 0l02
TOTMGRO2 000C8 00uU88 00131
TOTMGRO3 CJ008 0000B8 00135

o YOTMGRO4 00CG8 GOCOE8 00139

N TOTMGROS5 COC08 0CCl18 GCG143

" TOTOFFIC 00008 000148 00147
|

1

N0 STATEMENTS FLAGGED IN THIS ASSEMBLY

#*STATISTICS* SOURCE RECORDS (SYSIN) = 124 SOURCE RECORDS (SYSLIB) = 25

*#*0PTIONS IN EFFECT* LIST, NODECK, LOAD, NORENT, XREF, NOTEST, ALGN, OS, LINECNT = 55
192 PRINTED LINES .

PAGE 1
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€6

F44—-LEVEL LINKAGE culTOR OPTIONS SPECIFIED MAP4LET,LIST,NCAL

VARIABLE OPTIONS USED = STZE=(45056,6144)— DEFAULT OPTION(S) USED
1ENC000 ENTRY UTILITY
MOCULE MAP
CONTROL SECTION ENTRY
NAME ORIGIN LENGTH NAME LOCATION NAME LOCATION NAME LOCATION
NESTEDTA 00 198
UTILITY 198 5AC
PRINT 1FA PCHKRETN 456

ENTRY ADDRESS 198

TOTAL LENGTH 738
HEEEG) DOES NOT EXIST BUT HAS BEEN ADDED T0O DATA SET

NAME

LOCATION



FeP. REGS

REGS 0-7
REGS 8-15

002000
000020
000040
€00060

02A0CO
02AQEQ
02A100
02A120
02A140
02A16C
02A18¢
02A1A0
02A1C%
02A1EQ
02A2G0
C2A2290
02A247
02A260

o2A820

FFFFFF2E 000367F8 C001A53C 00000000
00G2A120 0000000C 0001A548 00000000

€000000C
00040603
000C00CO
C2C40000C

40CCOTFE
D008417C
00304670
.900000C2

00000CC
300200CC
20800000
0C00QGCC
Q0203000
J0CCCCCL
[ofsIv]viv]ele]e
00400000
COc7LBEF
GCECDOCC

4A009BDE

0C.00D0OGO 40C6A132

0C09J0000

o

00000000

50006A3E IFFC50007

2000C 000"
0cou7BC8

96204128

A00014D0
000400C0
9QECDOOC

00054180 C0521868

CC1C4170
7541264C
$943762C
0917754C
0000000C
5678154C
$887159C
03532000C
1235711C
OACAD20C3
D203C024
C5C0C4FG

40050000

00054160
0C000000
00000000
00000000
0C0000C0
00C00000
00C2000¢C
000303000
0CGU0COT
C02494FE
94FF91CC
C7GC4110

4T7F095C6

\.’
00.017188 00000000

00000000
EFO2A0F6

00005920

00007588

05C041F0
41660008
CO52FATY
1127403C
2661918C
0612216C
2346159C
3176653C
094331 7C
0551563C
14145G2C
D203C028
80564740
C0100511

43609BEE

00C2A0C8
000OFFOO
02C036A4
00060000

Cl4A50FD
4! FA778000
80006000
€00C0000
00000000
00000000
02000000
00000000
00000000
000030¢0
903C0C00
S4FE91C4
°46AC503
0FG2A304

8A600001

s

1y
0C000000 FFO40C80

00000000 FEO040130
0000996C CC040000
00012D10 00040000

OOOS?QDF 000418DF
60004166 00084650
41660030 467CC040
1016319C 00000000
c000000C 00000000
0754371C 00000CCO
1759671C 00000000
0000000C 00000000
0576108C 000000GO
0229262C C00GC0Q00

AOOCOA93C

80000A06
00007498
0000751A

D7030008
C0224188
0000600C
0644178C
0264833C
0559644C
0337748C
1967736C
1198967C
0736072C

6000000C fOT181810, C0036768

7C044710°945856F0
TOl494FE 4780947C
TFFFUAOE 58B0OCLU

4T7T0969E 48609C26

( 828
§ 2AlIo

94DA920C
58F094DE
91108074

41660001

00.01A268 00000000 -~ 00.000000 00017568

00015230 00015F7A 0002A218. 00000005
6F02A0CE 0002A218 0000C7D4 0002A218
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SSSSSSSSSS JTITTTITITITT COOO0OCCOOOGG  RRRRRRRRRRR AAAAAAAAAA GGGGGGGGGG EEEEEEEEEEEE
$SSSSSSSSSSS  ITTATTTTTTITT  0N0J00000000 RRRRRRRRRRRR  AAAAAAAAAAAA GGGGGGGGGGGG EEEEEEEEEEEE
SS SS T 00 00 RR RR AA AA GG GG EE
SS 7 0o 0C RR RR AA AA GG ) EE
SSS T 00 00 RR RR  AA . AA GG €E

SSSSSSSSS TT [a]s] 00 RRRRRRRRRRRR AAAAAAAAAAAA GG EEEEEEEE

SSSSSSSSS TT 00 CC RRRRRRRRRRR AAAAAAAAAAAA GG GGG6G EEEEEEEE
SSS TT no 00 RR RR AA AA GG GGGGG EE
SS T 0o 00 RR RR AA AA GG GG EE
SS SS T [s]] CGC RR RR AA AA GG GG EE
SSSSSSSSSSSS TT 000000000000  RR RR AA AA GGGGGGGGGGGG EEEEEEEEEEEE
$SSSSSSSSS T 000000000000 RR RR AA AA GGGGGGGGGG EEEEEEEEEEEE
9999999999
999959999999
99 99
99 99
99 99
999999999999
999999999999
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99 99
999999999999
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EXTERNAL SYMBOL DICTIONARY PAGE 1
SymMBnL TYPE ID ADDKR LENGTH LD ID

14.19 9/16/7C

STORAGE SD Ol GCO0U0 0COT9E
PCHKRETN ER 02
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Loc
ccoo20

2000000
000001
000002
0C0003
C0J2004
000005
C00006
000007
000008
€00009
0CO00A
000008
€0200C
CC0000D
00C00E
CNOOOF
0050920
C00004
000006
0CJ0C6
00200A
00000E
g 000012
0020014

DATA STORAGE AND RETRIEVAL TECHNIQUES.

OBJECT CODE

92EC
95C0

41FC
SOFD
50DF
18DF
D703

DcoC

C73E
0CCs8
0C04

DCJ8 DO08 00CC8

ADDR1 ADDR2

0000C

00744
00008
000C4

00008

STMT

SOURCE STATEMENT

STORAGE

CSECT

COPY MHMBEGIN

EQU 0

EQU 1

EQU 2

EQU 3

EQU 4

EQU 5

EQU 6

EQU 7

EQU 8

EQU 9

EQU 10

EQU 11

EQU 12

EQU 13

EQU 14

EQU 15

STM  R14,R12,12(R13) SAVE THE CALLER'S REGISTERS
BALR R12,0 ESTABLISH PROGRAM BASE
USING *4R12 LET THE ASSEMBLER KNOW.'
LA R15,SAVEAREA ADDRESS OF MY SAVE AREA
ST R15,8(R13) BACKWARD CHAIN™

ST R1344(R15) FORWARD CHAIN

LR R13,R15 ESTABLISH MY SAVE AREA

xC " 8(4,R13),8(R13) ¢ TERMINATE THE FORWARD CHAIN
END OF STANDARD ENTRY LINKAGE CONVENTIONS.
PRINT OFF

PAGE 1
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06000200
00000300
00000700
00000800
00000900
00001000
00001100
00001200
00001300
00001400
00001500
00001600
00001700
00001800
00001900
00002000
00002100
00002200
00002400
00002500
00002600
00002700
00002800
00C02900
00003000
00003100
0000320C
00000400




DATA STORAGE AND RETRIEVAL TECHNIQUES. PAGE 2

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FO8APRTO 9/16/70

36 * e e e ok ok ok o R e o e gk ek e o R ok ok R R R ke 00001100
37 * % DATA STORAGE AND RETRIEVAL STUDY PROJECT * 00001200
38 * * — * 00001300
39 * et e e o ok oK A KoK ok K R AR R R R RO KRR KRR KRR KRR 00001400

L R a2 R R R e Je Lo BN -Yo ]

42 * 00001700
43 * THIS PROJECT CONTAINS DIAGRAMS AND CODE SAMPLES ILLUSTRATING 00001800
44 * SOME OF THE MORE COMMON DATA STORAGE AND RETRIEVAL TECHNIQUES. 00001900
45 * 00002000
46 * THESE SAMPLES ARE INVENDED TO BE STUDIED DURING THE WORK-SHOP 00002100
47 * SESSION FOR THE STORAGE AND RETRIEVAL TOPIC. 00002200
. 48 * 00002300
49 * EACH CODING SAMPLE WILL BE PRECEEDED BY A DIAGRAM DEPICTING 00002400
50 * THE FORMAT OF THE TABLE TO BE DISCUSSED AND MANIPULATED BY 00002500
51 * THE CODING SAMPLE. FOLLOWING EACH SAMPLE, THERE ARE SOME 00002600
52 * QUESTIONS CONCERNING THE CODE THAT WAS USED. THESE ARE 00002700
53 * TO BE ANSWERED IN THE TIME ALLOWED; THEN THE ANSWERS WILL 00002800
54 * BE DISCUSSED BY THE CLASS. 00002900
55 * 00003000
56 Fttttttt 4+ttt ttt ittt bttt PRt E R R r R R AR e E 444+ 00003100




LocC

000000
© 000000
© 000006
000006
000007
000009
00000C
00000C

OBJECT CODE

SERTAL SEARCHES.

ADDR1 ADDR2

STMT

58
59
60
61

SOURCE STATEMENT FO8APRTO

# % 3 3

a2 o R B e R R o R R o R R B R S S S S S

33 3 3 3¢ 3 36 3¢ 3 3E 3t 36 3¢

3*

DATAITEM
MANNUMBR
FUNCTION
INDICATR
AREANMBR
BRANCH#
NEXTITEM
ITEMLEN
*

3 3t 3¢ 3 3t % 3¢

M 9F 36 3F 3F 36 3 36 3F 3¢ 3t St 3t

0 ok KK e K oK oK K o e K oK R
* SERIALLY ORGANIZED DATA *
* *
ook ok s oK S A oK R o R R KRR K R K

THROUGHCUT THIS PROJECT, THE DATA WILL BE A 12-BYTE RECORD,
CONTAINING A 6-BYTE MAN NUMBER ( WHICH IS USED AS THE
ARGUMENT) AND A FUNCTION WHICH CONTAINS AN INDICATOR BYTE
DESIGNATING DOMESTIC OR W.T.C. EMPLOYEE, A 2-BYTE AREA
NUMBER, AND A 3-BYTE BRANCH OFFICE NUMBER. EVERY

DATA ITEM LOOKS LIKE:

0 6 7 9 12 (BYTES)
+ —-——t + + +
| MAN NUMBER | INDIAREA #| B. 0. #|
+=— + tm————— o +

THE DATA ITEM IS DESCRIBED BY THIS DUMMY SECTION.

DSECT DUMMY SECTION FOR MAN NUMBER DATA ITEM.
DS CLé6 MAN NUMBER (ARGUMENT) .

DS oCcLé FUNCTION PORTION OF DATA ITEM.

DS CL1 DOMESTIC / WORLD TRADE INDICATOR.

DS cL2 AREA NUMBER

DS cL3 BRANCH OFFICE NUMBER.

DS ocC

EQU NEXTITEM=-DATAITEM LENGTH OF A DATA ITEM.

THE DATA BEGINS AT LOCATION *TABLE®' AND TAKES UP AS MUCH
CORE AS IS NECESSARY. THE NEXT AVAILABLE EMPTY SPOT

IN THE TABLE IS POINTED TO BY THE FULL-WORD ADDRESS CALLED
*POINTER*. THE VALUE YO BE SEARCHED FOR IS PLACED IN

" SARGUMNT?' .

"TABLE?
t——————— + + +
| —D=——tm———D+ | DATA ITEM # 1 {
tmm——————— + | + +
SPOINTER?® | | DATA ITEM # 2 |
[} - +
| 3300000000300 ))
| ceceoeeceteoioeecodd
] + +
i | DATA ITEM # N l
Vv + +
FSARGUMNTY® A >§ 1ST UNUSED SPACE |
+ e +
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00C03300
00003400
00003500
00003600

00003800
00003900
00004000
00004100
00004200
00004300
00004400
C0004500
00004600
00004700
00004800
0C0C4300
00005000
00005100
000052G0
00005300
00005400
00005500
000056C0
00005700
00005800
00005900
00006000
00006100
00006200
00006300
00006400
00006500
00006600
00006700
00006800
00006900
000Q7000
00007100
00007200
C000T7300
00007400
00007500
00007600
00007700
00C07800
0C0079C0
00008T00
00008100
00008200
0COOB3U0
00002400

ano
200




g

INSERT SER IAL
ko ok ) 2 ek dekook Aok
stk A] Kk ok * * Stk A4 Rk Kk K
* * #POINT TO START * * *
* START * —mmmmee >+ OF TABLE  * * START SEARCH *
AR K * % Aok ek ok ok koK
********T**:*****
Vv
INSERTLP PR RETURN4 v
2" x. EREERBAERRRERER R
& %, Stk B3 ek Rk Kk
% IS THIS A *, YES *RETURN, CODE = = *POINT T0 START *
+- ———— >¥, DUPLICATE ? % ——————=D% 4. * ==t * OF TABLE. *
%, o * * * *
%, Sk et ok e o e * *
. .k sk gk Kok ok ok K
£ "ND
\'
¥, SERIALLP ¥,
Hok (] ek c2" ‘x. C4 .
% * ok ®, .
*POINT TO NEXT* NO .*%IS THIS AN *, +%IS THIS THE* YES
* ITEM IN THE  %{===(=== X% ,EMPTY SPACE ?.%* +==>%, ITEM I WANT? .* -——4+
* LIST. * *. oX o o X
" * %, o %, S
sk ek Aok ok ok £, % K, ok
* YES ’]‘ NO
Vv
\ ¥,
sk ok D 2 At ok ek ko oK D4 k.
* ENTER ITEM IN * o *,
* THE TABLE AND * NO *%1IS THIS THEx*,
*SET POINTER TO * +-- %, END OF THE oX
*NEXT FREE BYTE.: *.*TABLE ?*.*
ke o o ol ok ok ok ok ok Tkl ok
’°|‘ YES
e -
D — 4
RETURNO v
kiR F 2 akokok deokok ok ok
*RETURN, CODE = *
* 5. *
% *

ok kKRR Rk R Rk




oL

LoC

000000
G00000
000G2A

00002E
0C0032
000038
00003C
000040
000044
000048
00004E
000052
000056
000058
C0005A
00005E

000000
©00060
000060
000064
00006A
D0006E
000072
000076
00007A

SERTAL SEARCHES.

OBJECT CODE

47F0.

41F0
D505
4780
41F0
59F0
4740
D208
41F0
50F0
1BFF
OTFE
41F0
OTFE

4110
D505
4780
4110
5910
4740
47FC

cCc78

CoAA
FOOQO
CC54
FCOC
Clz2z
coz2c
FOO0O0
FoQC
Cl22

0004

COAA
1000
C050
100C
Cl22
CO5E
C054

100C 00000

1600 00000

Cl32 CGO0o

ADDR1 ADDR2

0007E

00080
00000
0005A
0000C
00128
00032
00000
0000C
00128

00004

00080
00138
00056
0000C
00128
00064
0005A

STMT

129
130

131

132
133
134
135
136
137

139
140
141
142

144
145
146
147
148
149
150
151
152
153
154
155
156
157

159
160
161
162
163
164
165
166
167

SOURCE STATEMENT S FO8APRT0

*
*
*
*
*
*
*
*
*
*

STORAGE

INSERT
INSERTLP

RETURNO

RETURN4

SERTAL

SERIALLP

ok e ok o ook ool e ok sk KRR R KoK SR R R AR R K R RO ROK Ok R R R R R SR K R R Rk R ek

IN ORDER TO ADD A NEW ITEM TO THE TABLE, WE PLACE IT'S

ADDRESS IN REGISTER 1 AND BRANCH TO 'INSERT'. THIS WILL ADD AN
ITEM TO THE TABLE IF IT IS NOT ALREADY IN. RETURN CODE = 4

IF THE ITEM IS ALREADY IN THE TABLE; = 0 IF NOT ALREADY IN.
BRANCHING TO *SERIAL' SEARCHES FOR THE ITEM WHOSE NUMBER IS

IN *SARGUMNT'. A CODE OF O IS RETURNED IF THE ITEM CAN BE
FOUND, A CODE OF 4 IS RETURNED IF IT CANNOT BE FOUND.

st 3 e st ke e e oo ook e okl e e e ok ek ok e ek s s e e ok ook ks ok ok sl e ok R et Rk oK A Rk Ao Rk kR

RESTART THE CONTROL SECTION.

CSECT
USING DATAITEM,R15
B TESTCODE BRANCH AROUND ROUTINE

LA R15,TABLE

cLcC MANNUMBRs0(R1) SEARCH FOR A DUPLICATE.
BE RETURN4 FOUND ONE, ERROR RETURN
LA R15,NEXTITEM

C R154,POINTER END OF USED TABLE SPACE ?

BL INSERTLP NG, CONTINUE SEARCH.

MvC DATAITEM(ITEMLEN)+G(R1) YES, ENTER THE ITEM IN THE TABLE
LA R15,NEXTITEM POINT TO NTXT FREE SPACE.

ST R154POINTER

SR R15,R15 NORMAL (CLEAN) RETURN.

BR R14

LA R154+4 ERROR RETURN.

BR R14

DROP R15

USING DATAITEM,R1 . .
EQU * THIS ROUTINE LOCATES AN ITEM IN THE
LA R1,TABLE TABLE.

cLC MANNUMBR y S ARGUMNT IS THIS THE ITEM ?

BE RETURNO FOUND, RETURN TO CALLER.

LA R1,NEXTITEM

C R14POINTER END OF THE USED TABLE SPACE ?

BL SERIALLP NO, LOOP TO END OF TABLE.
B RETURN4 NO MATCH FOUND, RETURN ERROR CODE.
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00010400
00010500
00010600
00010700
00010800
00010900
00011000
00011100
00011200

000114G0
00011500
0C011600
00011700

00011900
00012000
00012100
00012200
00012300
00012400
00012500
00012600
00012700
00012800
00012900
00013000
00013100
00013200

00013400
00013500
00013600
00013700
00013800
00013900
00014000
00014100
00014200



SERIAL SEARCHES. ' PAGE 6

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FO8APRTO 9/16/70

169 *885&88&8&&8&&88&8&8&&&&&&&&&88888&8&&&&8&&8888&&E&&&&&&G&&E&&G&E&E&ﬁ&& 00014400

170 THIS CODE TESTS THE SERIAL DATA HANDLING ROUTINES BY ADDING 0001450C

171 * A NEW ITEM TO AN EXISTING TABLEs TRYING TO ADD A DUPLICATE, 00014600

172 * AND SEARCHING FOR AN ITEM THAT IS IN THE TABLE. 00014700

173 *GEEEGEEEEEEEEE b LEEGEEEGaEEEEELELEEEEEEEEEELEEELEEEEEEEEEEEELEEEELEEEEE 00014800

CO0007E 4110 Cl26 0012C 174 TESTCODE LA R1,ADSERIAL 00014900
000082 45E0 C028 0002E 175 BAL R14, INSERT GO INSERT A NEW ITEM 00015000
000086 47FF C084 0008A 176 18 *+4(R15) 00015100
CO008A 47FGC CO8A 00090 177 B *+6 00015200
00008E 0000 178 DC H!O? DUMP IF INSERTION FAILS. 00015300
000090 4110 CoC2 cooce 179 LA R1,TESTDATA TRY TO INSERT A DUPLICATE 00015400
000094 45E0 C028 C002E 180 BAL R14,4 INSERT 00015500
000098 47FF C096 ¢009cC 181 B *+4(R15) 00015600
C0009C 07CC 182 NOPR O 00015700
00009E 0001 183 DC H*1? DUMP UNLESS I GET A DUPLICATION ERROR 00015800
0000A0 45EQ0 CG5A 00060 184 BAL R14,SERIAL SEARCH FOR AN ITEM THAT [S IN TABLE. 00015900
0000A4 D505 C132 1000 0G138 00000 185 cLC SARGUMNT,0(R1) 00016000
0000AA 478C Cl138 0013E 186 BE SERIALOK 00016100
O00CAE 0002 187 DC HY2¢ DUMP IF WE CAN'T FIND IT. 00016200
0000BC F2F6F4F8F3F3C4F1 189 TABLE DC C'264833D16021°" GEEEEEEEEEEGEEEEEEEEEEEEEEEEEEELEEEELE 0001640C
0000BC F1F5FTF6F4F2C4F1 190 DC C'157642D11106° & THIS IS THE TABLE AND TEST DATA & 00016500
2 0000C8 F2F2F5F6FLFTEGFL 191 TESTDATA OC C'22561TW1494T" & FOR THE SERIAL STORAGE AND & 00016600
N 0000D4 FOFBFSF1F6F3E6FO 192 DC C'985163W01628* & RETRIEVAL ROUTINES. & 000167C0
COO0EO F5F4FLF6FTF3C4F0 193 DC C'541673D02825" CEEEEEEEEEEEEEEEEEEEEEEEELELEEELEEEEE 00016800
COOOEC 4C40404040404040 194 TABLEMPT DC 5CL12* ¢ 00016900
000128 000000EC 195 POINTER DC A(TABLEMPT) 00017000
00012C F7FTF1FSF4F3E6F1 196 ADSERIAL DC C'771543W1966T" 00017100
0CQ0138 F2F2F5F6FLFT 197 SARGUMNT DC Cr225617" 00017200
GO0013E 198 SERIALOK DS OH 00017300

200 sk e 3 e e e 30 e e e o e e e e e Xe 36 3 e e e e S ek e e e e 3 e e e e e e ek ok ek ok ok ko ok ook Rk kk ok kkkkkkk 00017500

201 * 00017600
202 * ANSWER THESE QUESTIONS ABOUT THE SERIAL STORING AND SEARCHING 00017700
203 * ROUTINES ABOVE. (USE THE CODE TO GET YOUR ANSWER.) 00017800
204 * 00017900
205 = 1. HOW MANY TIMES WAS THE CLC "INSERTLP"™ EXECUTED WHEN 00018000
206 * WADSERIAL"™ WAS INSERTED IN THE TABLE ? 00018100
207 * 00018200
208 * 2. WHICH INSTRUCTION TESTS FOR THE END OF THE TABLE ? 00018300
209 * 00018400
210 * 3. WHY IS THE BASE REGISTER FOR "MANNUMBR" DIFFERENTY FOR 00018500
211 * INSTRUCTIONS “INSERTLP™ AND "SERIALLP"™ ? 00018600
212 * 00018700
213 * 4. HOW MUCH DATA WOULD GET MOVED IF I WROTE: 00018800
214 * A. MvC FUNCTION,ADSERIAL+6 ? c001890C0
215 * B. MVC INDICATR, ADSERIAL+6 ? 00019000
216 * 00019100
217 *%%kk*%k%x% AT THIS TIME, DISPLAY THE BLUE SIDE OF THE "ANSWER CUE". 00019200
218 * 00019300

219 ksokstoook Aok ook ook o o ook o ook ok sk st ok ek el ok ok sk ok kR ok sk ok ok ok ok dokok Rk 00019400




SERIAL SEARCHES. ) PAGE 7
Lt0C OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT C FOBAPRTO 9/16/70
221 o e ook ok e e oK o oot Rk ok i Rk ok o ke o o e o ook o s ke s o o R oK 2k oo o ook oK e ok ok ok kKKK 00019600
222 * 00019700
223 * ANSWERS FOR THE SERIAL TABLE HANDL ING ROUTINES. 00019800
224 * 00019900
225 * 1. "INSERTLP"™ WAS EXECUTED 5 TIMES, BECAUSE THERE WERE 00020000
226 * ALREADY 5 ENTRIES IN THE TABLE. 00020100
221 * 00020200
228 * 2., THE INSTRUCTION: ' C R15,POINTER ' TESTS FOR THE 00020300
229 * END GF THE TABLE, AND THE INSTRUCTION: ' BL INSERTLP * 00020400
230 * ACTS ON THE RESULTS OF THAT TEST. 00020500
231 * : ' 00020600
232 * 3. BECAUSE THE ' DROP R15 ' AND ' USING DATAITEM,R1 °* 00020700
233 * PSEUDO-INSTRUCTIONS CAUSE THE ASSEMBLER TO CHANGE BASE 00020800
234 * REGISTERS FOR ALL SYMBOLS IN THE "DATAITEM"™ DUMMY SECTION. 00020900
235 * 00021000
236 * 4. A) 6 BYTES, THE LENGTH OF 'FUNCTION®. 00021100
237 * B) 1 BYTE, THE LENGTH OF *INDICATR®. 00021200
238 * 00021300
239 sk ook ok ok e ootk ok ok ok ook ok okoleok ek ok ook R ook ok Rk Rk Rk kR Rk Rk R kR Rk FRRRRRKEKXXX 00021400

8




DIRECTLY ORGANIZED DATA. ) PAGE 8

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT . FOBAPRT70 9/16/70
241 * e o s s o o ¢ ok o e oo o ok R R R R R SRR e R R R R R ek K 00021600
242 * * DIRECTLY ORGANIZED DATA TABLES * 00021700
243 * * * 00021800
244 * Ao ke e e o e e e o e e ok R ek o sk ok kol ok oK ok koK 00021900

246 X+++44++++tt ettt bttt rt ittt btttttbbtttttbttrttttttdttbbttttte+4++++ 00022100

247 * 00022200
248 * AS YOU HAVE SEEN, THE SERIAL SEARCH IS SIMPLE TO CODE AND 00022300
249 * QUITE WORKABLE. IT IS, HOWEVER, A BIT ON THE SLOW SIDE AS 00022400
250 * FAR AS PROCESSING TIME IS CONCERNED. MAYBE THERE IS SOMETHING 00022500
251 * FASTER... 00022600
252 * 00022700
253 * LET'S CONSIDER THE 'DIRECT' FORM OF STORAGE AND RETRIEVAL, 00022800
254 * WHICH GOES BY THE CARDINAL RULE: ™A PLACE FOR EVERYTHING 00022900
255 * AND EVERYTHING IN IT'S PLACE". 00023000
256 * 00023100
257 * FOR THE SAKE OF ILLUSTRATION, LET US ASSUME THAT THERE 00023200
258 * ARE ONLY 1000 EMPLOYEES IN THIS COMPANY AND THAT THEIR 00023300
259 * MAN-NUMBERS RANGE FROM 1 TO 1000.. I KNOW THAT THIS ISN'T 00023400
260 * TRUE,y BUT BEAR WITH ME.. 60023500
261 * 00023600
262 * IF IT WERE TRUE, WE WOULDN'T NEED TO SEARCH FOR ANY ONE ITEM. 00023700
- 263 * RATHER, WE COULD STORE IT IN IT'S OWN UNIQUE STORAGE LOCATION 00023800
£ 264 * WHICH WAS EQUAL TO 'TABLE'+(12 X (MANNO-1)), AND WE'D HAVE 00023900
265 * A TABLE THAT LOOKED LIKE: 00024C00
266 * 00024100
267 * 'DIRECTAB* NOTICE THAT EACH DATA ITEM IS IN 00024200
268 * + + POSITION IN THE TABLE BY THE MAN 00024300
269 * 1000001 DATA FOR MAN # 1 | NUMBER THAT IT CONTAINS. IN A 00024400
270 * + + TABLE LIKE THIS, IT IS NOT REALLY 00024500
271 * ] 000002 DATA FOR MAN # 2 | NECESSARY TO HAVE THE ARGUMENT IN 00024600
272 * + + EACH DATA ITEM, SINCE EACH ITEM 00024700
273 * )13 DND)) WILL BE LOCATED BY IT'S UNIQUE 00024800
274 * ceoecceccccceoeeeeeeeeeecte ADDRESS (WHICH IS A DIRECT 00024900
275 * + + FUNCTION OF IT*'S ARGUMENT) AND 00025000
276 * 1001000 DATA FOR MAN #1000] NOT BY SEARCHING THROUGH THE 00025100
277 * + + TABLE FOR IT'S ARGUMENT. THE 00025200
278 * |{==—==- 12 BYTES —====—= >] MAJOR ADVANTAGE OF SUCH A TABLE 00025300
279 * IS IT'S SPEED AT LOCATING DATA. 00025400
280 * 00025500
281 *+++ttttttttttrtrttttitttitttttttttbtttttttttttttttttttttttttttittttttt 00025600




SoL

DIRECTLY ORGANIZED DATA.

LOC OBJECT CODE ADDR1 ADDR2 STMT

283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324

326
327
328
329
330
331

SOURCE STATEMENT FO8 APRTO
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Er+++++++++ 4444404+ 0 4ttt bbbttt H 4t 4L+ E 64444+ 00025800

%*
*
*
*
*
%*
%*
*
*
*
*
*
*
*
*
*
*
*
*
%
*
*
*
*
*
*
*
*
*
*
%*
*
*
*
*
%*
*
*
*
*
*
*
*
*
*
*
*
*

AS I SAID BEFORE, YOU KNOW THAT WE EMPLOY MORE THAN 1000
PEOPLE,y SO LET'S SEE WHAT HAPPENS WHEN WE USE A MORE
REALISTIC FIGURE IN THE SOLUTION OF THE LAST PROBLEM.

THE FIRST THING WE MUST CONSIDER IS THAT THERE ARE 1,000,000
POSSIBLE SERIAL NUMBERS IN OUR MAN-NUMBERING SCHEME.

THIS MEANS THAT IF WE WANTED TO BUILD A DIRECT TABLE FOR

OUR DATA ITEMS WE'VE BEEN USING, WE NEED ABOUT 12,000,000
BYTES OF CORE FOR OUR TABLE. PRETTY UNREASONABLE, ISN'T IT ??
IT IS ESPECIALLY UNREASONABLE WHEN YOU CONSIDER THAT WE
EMPLOY SIGNIFICANTLY FEWER PEOPLE THAN THAT, SO MOST OF THE
TABLE SPACE WOULD BE WASTED....

THAT'S TOO BAD, BECAUSE THE DIRECT SCHEME WOULD HAVE BEEN
QUITE FAST.

FORTUNATELY, THIS IS AN OLD PROBLEM AND SOME OLD BODY
FIGURED OUT AN OLD SOLUTION TO THE PROBLEM.

LET'S ASSUME THAT WE HAVE 200,000 EMPLOYEES TO WORRY ABOUT.
THIS MEANS THAT 4/5-THS OF OUR SERTAL NUMBERS ARE UNASSIGNED,
AND THAT WE WOULD NEED ONLY A 200,000 POSITION TABLE,

RIGHT?? TRUE ENOUGH, BUT, THERE IS SOMETHING ELSE WE HAVE

TO CONSIDER. WE WANTED EACH MAN NUMBER TO TELL US WHERE THE
ITEM GOES IN THE TABLE ON THE BASIS OF THE NUMBER ITSELF, AND
THAT'S NOT GOING TGO WORK TOO WELL WHEN WE TRY TO CRAM

200,000 NUMBERS RANGING FROM 1 TO 1,000,000 INTO OUR 200,000

- ENTRY TABLE AND STILL ACCESS THEM WITHOUT A SERIAL SEARCH.

0.K.???, WE NEED TO TRY TO MAKE EACH MAN NUMBER FIT INTO
A RANGE OF NUMBERS FROM O TO 199,999. THERE IS A VERY EASY
WAY TO DO THIS, CALLED *"MODULO DIVISION®' BY 200,000.

FOR THE NON-MATHEMATECALLY ORIENTEDs (OR NON-SELF-CHECK
KEY=-PUNCH TRAINED), MODULO DIVISION IS JUST LIKE ORDINARY
DIVISION, EXCEPT THAT WE THROW AWAY EVERYTHING BUT THE
REMAINDER AFTER DIVISION. THIS TECHNIQUE, CALLED *HASHING®'
LOOKS LIKE:

QUOTIENT(WHICH WE JUNK) + REMAINDER(A NUMBER FROM
————————— 0 TO 199,999,
200,000) MAN NUMBER WHICH WE KEEP)

SO. NOW EVERY MAN NUMBER 'HASHES' DOWN TO A NUMBER FROM 0 TO
199,999 ; WHICH, WHEN MULTIPLIED BY THE DATA LENGTH (12 BYTES
IN THIS EXAMPLE)} GIVES US THE ADDRESS AT WHICH THE ITEM IS TO
BE STORED.

R L R = R RS R R S R S

00025900
00026000
00026100
00026200
00026300
00026400
00026500
00026600
00026700
00026800
00026900
00027000
00027100
00027200
60027300
00027400
000275C0
00027600
00027700
00027800
00027900
00028G00
0002810C
00028200
00028300
00028400
00028500
00028600
00028700
00028800
00028900
00029000
00029100
00029200
00029300
00029400
00029500
00029600
00029700
0C029800
00029900
00030000
00030100
00030200
00030300
00030400
00030500
00030600



g

DIRKECTST DIRECTS2
sekodokok A 2 dokokok Kok ok ok
Stk A] Kok kdokk K * *
*INDICATE STORE * *CONVERT KEY TQO *
OPERATION £ cm————— >%A BINARY NUMBERx*
* * A * *
ook ok dokokk dok kokokok K *
Rk xRk kR Rk
B
DIRECTSH Vv
Skkok % B2 RokkE KRRk
sk ok B dokokkdokaokk * DIVIDE BY 20, *
*INDICATF SEARCH* * MULTIPLY *
*® PER AT ION * % REMAINDER BY *
* * *LENGTH OF DATA =*
Sk ok ok Rokok K ko * ITEM (12). *
*******#{********
\
¥, ALROYIN
c2 *,
o *, sk C 3R Ak KRRk
oX IS THIS *, YES *RETURN, CODE =4%*
*, FNTRY BLANK ? % ==——===>%/ DUPLICATE OR *
. o * FOUND ITEM, *
. Sk e st ok e ko e e ok ok sk
H, %
I NO
\
o X,
D2 %, *¥% **03****7****m
oK *, wx
o ¥ STQORF *, YES *INSERT THE ITEM*
* *OPERATION ?*.* 0———-—->f IN THE TABLE. f
%, X * *
%, .k ok ook okodok ook ook ok
* NO
E( *
\Y
sk kE 2 dAokok ok ok ok
*RETURN, CODE=0 *
*/ ITEM ENTERED *
%*0R NO SUCH T TEM=*
sk ok Rk kR kR kR K

74




L0L

LoC

00013E

000142
000144
2CN146
00014C
000150
0C2152
C00156
000158
CC015¢C
CCo16¢C
C00162
000166
cod16C
coolve
C00174
0C2176
000178
00017C

“0G17E
ocels2

000186
€o00188
00018C
000192
000198
00C19A
000290

DIRECTLY GRGANIZED DATA.

OBJECT CODE ADDR1 ADDR2
47F0 C292 00268
1BFF

1821

F275 C28A 100C 00290 00C0QO
4F1C C28A 00290
1800

5000 C182 00188
1810

8900 000z 00002
891C 0G03 00003
1A10

4111 Cl94 cc19A
D505 1060 C186 00000 <CO018C
477G C172 00178
440F Cl18C 00192
1BFF

CTFE

41F0 00C4 00004
O07FE

41FC 0C06 00006
47F0 C140 0C146
0000

00000014

4040404C404C

D20B 1000 2600 CGOOO 000COC
07C0

4040404040404040

STMT

346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362

364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
38¢
381

383
384

386
387
388
389

390
391
392
393
394
395

SOURCE STATEMENT

FO8APRTO
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R e o b O O o o S o o o o £ £ T T T ywwarwrarermr ey oo 38 Ko o)

B

DIRECTST SR
LR

DIRECTS2 PACK
cve
SR

LR

ALRDYIN

DIRECTSH LA
B

H GO EL GG E B E LG L EEEEE GG EGEELEEEEEEGEEELEEEEEEELELEEELELEELELELERELEEELES

* THESE ARE THE CONSTANTS USED BY THE DIRECT STORAGE AND
* RETRIEVAL ROUTINES.
OO LG E e L e B L b L E b EE L E G EEEGEEEEE G EEEEREEEELELEEEEEEEEHLEREEE
F20 DC Fr2Ce NUMBER OF ITEMS IN THE TABLE
BLANKS boC 6Ct
SELECT MvC MANNUMBR(ITEMLEN) 40(R2)
NOPR O
DIRECTAB DC 20CL12* *
DOUBLE DS D

*

*

*

*

* BRANCHING TO *DIRECTSH!
* PASSED. ON RETURN,

*

* OR A SEARCH ARGUMENT,

¥

* FOR PURPOSES OF ILLUSTRATION,
* BEING QUITE LAZY,

* TO A 20 ITEM TABLE,

* BEEN TALKING ABOUT.

*

*

DIRECT

R15,4R15

R24R1
DOUBLE . MANNUMBR
R1,D00UBLE
RO4+RO"
ROsF20 .
R1,4RO

RO+2 X

R1,43 %ll

R1,+RO
RlleRECJA@(Rl)-
MANNUMBR y BLANKS
ALRDYIN

ROy SELECT(R15)
R154R15

R14

R1544

R14

R15,6
DIRECTS2

4 1

BRANCHING TO *DIRECTSTY CAUSES A DATA ITEM TO BE ADDED TO
THE TABLE (PROVIDED IT IS NOT ALREADY IN THE TABLE).
OF O IS RETURNED IF THE ITEM GETS INSERTED,

A CODE
F IT DOESN'T.

LOCATES THE ITEM WHOSE ARGUMENT IS
REG 15 CONTAINS O IF FOUND,
REGISTER 1 IS USED TO PASS THE ADDRESS OF EITHER A DATA ITEM

4 IF NOT FOUND.

DEPENDING UPON THE DESIRED OPERATION.

AND,

JUST FOR THE SAKE OF
I*M GOING TO RESTRICT THE TABLE
RATHER THAN THE 200,000 ITEM ONE WE'VE

*DIRECTAB!'

b 0 o S S o o R o R N R R R R R R AR R R R RS

BRANCH TO THE TESTING CODE.

SET UP STORE INDICATION

CONVERT 'MAN
IN THE TABLE,

NUMBER?
BY USIN

TO AN ADDRESS
G MODULO

DIVISION BY 20 (THE MAXIMUM NUMBER

OF

IS THIS SPACE EMPTY ?

NQOy

DUPLICATE,

ITEMS OUR TABLE wILL HOLD).

RETURN.,

EITHER INSERT THE ITEM OR NO-OP.

GOOD RETURN,

SET UP

SET CODE

= 0.

ERROR RETURN COCDE.

SET UP SEARCH INDICATOR.
GO SEARCH TABLE FOR ITEM.

00032200
00032300
00032400
00032500
00032600
0C032700
00032800
00032900
00033C00
00033100
00033200
000333G0
00033400
00033500
00033600
000633700

G0033900
00034000
00034100
00034200
00034300
00034400
00034500
00034600
¢003470C
00034800
00034900
00035C00
00035100
00035200
00035300
0003540C
00035500
00035600

00035800
00035900

0003é10¢C
00036200
00036300
00036400

00036500
00036600
00036700
000368C0
00036900
00037C00




DIRECTLY ORGANIZED DATA. PAGE 12
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FO8 APRTO 9/16/70
397 *EGEGEEEEEEaEEEEEEGEEEEELGELEELGELEEEGEEEEEEEEEEEEEEEELEEEEEELEELELREEEERE 00037200

398 * THIS CODE TESTS THE DIRECT STORAGE AND RETRIEVAL CODE ABOVE. 00037300

399 % IT ADDS 3 ITEMS TO THE TABLE AND THEN RETRIEVES ONE OF THEM. 00037400

400 *GEEGEEEEEEEEEEGEEEEEEEE LG EEEEEE L LEEEEEEEELEELELEELEEELELEEEELEEEEEEEE 00037500

000298 4110 C2DC 002E2 401 DIRECT LA R1,ITEM1 FIRST ITEM TO BE INSERTED 00037600
00029C 45E0 C13C 00142 402 BAL R14,DIRECTST G0037700
0002A0 47FF C29E C02A4 403 B *+4(R15) 00C37800
0002A4 4TFC C2A4 002AA 404 B *+6 00037900
0002A8 0003 405 bC Ht 3¢ DUMP IF IT DOESN'T GET INSERTED. oco38000
0C02AA 4110 C2ES8 002EE 406 LA R1,ITEM2 SECOND ITEM TO INSERT. 00038100
0002AE 45E0 C13C C0142 407 BAL R14,DIRECTST 00038200
0002B2 47FF C2BU 00286 408 - B *+4(R15) 000383GC0
c002B6 47F0 C2B6 0028C 409 B *+6 00038400
0002BA 00C4 410 DC HY'4¢ DUMP IF IT DOESN'T GET INSERTED. 003038500
0C02BC 4110 C2F4 002FA 411 LA R1,ITEM3 THIRD ITEM TO INSERT. 00038600
0C02C0O 45EQ C13C 00142 412 BAL R14,4,DIRECTST 00038700
0002C4 47FF (C2C2 0c2cs8 413 B *+4(R15) 0603880¢C
C002C8 47F0 C2C8 002CE 414 B #+6 0003890C
0002CC ©205 415 DC HT 5" DUMP IF INSERTION FAILS. 00039C00
0002CE 4110 C300 00306 416 LA R14SEARCH1 ITEM TO BE SEARCHED FOR. 00039100
0002D2 45E0 C178 0017E 417 BAL R14,DIRECTSH 00039200
C0C2D6 D505 1000 €300 00000 00306 418 cLC MANNUMBR y SEARCH1 IF THE RETURNED VALUE DOESN'T MATCH, 00G39300
0002DC 478C C306 0030C 419 BE DIRECTOK THEN TAKE A DUMP. 00039400
0002EQ0 0006 420 DC H'6" 00039500
0002E2 F1F1FLIF1FL1F1E6F1 422 ITEM1 DC C'l1111l1wWllllle CEGGELERELEEEEEEEEEEEEEEEEEEEELEEELE 00039700
0002EE F1F2F3F4F5F6C4F1 423 I1TEM2 DC C'123456D12345" & THESE ARE THE TEST DATA ITEMS & 00033800
COC2FA F4F4F4F4F3F1C4F4 424 ITEM3 DC C'444431D44444" & FOR THE DIRECT DATA TEST ROUTINE.& 0C039900
000306 F1F1FLF1F1F1 425 SEARCH1 OC cri1111le EEEELEEEEEGEELEEEEREEEEEEEEEEEEEEERE 00040000
G427 ook koo ok ok ook koo s kool s i ok sk e 3k ok Sk i e e s o o ok e kol ROk R ok e R ek ok sk oroR ok Rk ko kR ok kxR k% 00040200

428 * 00040300

429 * ANSWER THE FOLLOWING QUESTIONS CONCERNING THE DIRECT STORAGE - 00040400

430 * AND RETRIEVAL ROUTINE ON THE PREVIOUS PAGE. (USE THE CODE TO 00040500

431 * FIND YOUR ANSWERS. 00040600

432 * 00040700

433 * 1.WHAT ARE WE DOING WITH THE INSTRUCTION SEQUENCE: 00040800

434 *x LR R14R0O 0004090C

435 * StL RO,2 00041000

436 % SLL R1,3 00041100

437 * AR R1,RO 0004120C

438 * 00041300

439 * 2. WHAT HAPPENS WHEN WE EXECUTE THE " EX RO,SELECT(R15) " C004140C0

440 x* INSTRUCTION WHEN WE ARE TRYING TO: 0C041500

441 * A. INSERT "ITEM1" 2 00041600

442 % B. LOCATE "SEARCH1™ ? 00041700

443 % 00041800

G4 4 kKR 3R R A g ek ok ok ook o ook ok dOR R R RO R R R R R R R BB F R R KRR I E KR KRR RRX%XkXx* 00041900
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00030C

DIRECTLY ORGANIZED DATA.

OBJECT CODE ADDR1 ADDR2

STMT

446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462

PAGE 13

SOURCE STATEMENT FO8APRTO 9/16/70

3 3k e 3 e 3k ok e e e e s ook ok g ok ok e sk e ok ok ek k fok R R R Rk kR ke Rk Rk R R Rk Kk kR kR Rk kR RYkkkE Q0C042100
* ANSWER THE FOLLOWING CONCERNING THE DUMP ON THE NEXT PAGE: 00042200
* 00042300
* 1. AT WHAT POINT IN THE PROGRAM DID WE TAKE THE DUMP ? 0004240C
* 000425C0
* 2. WHAT WAS THE RETURN CODE ? 00042600
* 00042700
* 3. WHY WAS THIS RETURN CCDE GENERATED ? 00042800
* 00042900
* 4. WHAT STORAGE ADDRESS DUES MAN NUMBER 444431 "HASH' TO IN 00043000
* OUR DIKECT TABLE *DIRECTAB' ? 00043100
* 00043200
FxEkkkkkk WHEN YOU HAVE FINISHED THESE, DISPLAY THE RED SIDE OF THE 00043300
* "ANSWER CUE"™. 00C43400
* 00043500
S 3 ofesge e e sfe o S e e sfe Sl et e skl kR ok kR R ORFORFRMORR R R R KRR R KRR KRR KR RERRXRRRREHRLXX 00043600
DIRECTOK DS OH 00043700




F.P. REGS. (GG.0000G0 CCOOGOOC 006.12C002 0201D970 FF.040001 5000AC16 00.0C0000 0001D730

REGS 0-7 00GC00G2C 0005ACDE 0005ADBA (G0OGC00000 0001ABS8 0001BOE8 0001D140 0001BA48

REGS 8-15 0001DCAC 000OCO000 0001DO0CC8 00000000 6FC5AAC6 0005B204 8F05AD84 00000004
002000 0C000GCC 00000000 00GO0000 00000000 O00S5AACO COCGOO00 FF040080 AOOOA93C *eeeeosssscscscsosscscscsscosnaces¥
200020 FFCG5C001 4007EA2C FFB50001 6FO05AD8E O0O0OFFOO0 00000000 FEO4000F B80000ALE *44es eeesecsscscscsssasssaccsasas¥
000040 00C70D98 080000CC 00C01468 00005920 02CC31A4 0000996C CO040000 00007498 *eeeesosossoscoscsscocssscsnssnccssX
200060 0CC4G00C 000C7BC8 00040000 00007588 00000000 00012D10 0C040000 OCOOT751A *iseeeeeHeoooaooaossossesascsssasd¥
05AACO 90ECDOCC C5CU41F0 CT73ES5CFD CO085CDF C0C418DF D703D008 DOO0858F0 CT7T8AD201 *eeeeeee0GececcacoseePecseaeelGoeKe*
C5AAEQ FOCCC022 47F0C024 OTFE4TFO CO7841F0 CCAAD505 FOOO01000 4780C054 41FOFO0C *0eeeeOecceee0seeleeNelasoeaaeal0*
C5ABOC 59F0C122 4740C02C D20BFOOC 100041F0 FOOC50F0 C1221BFF O7FE41F0 OO0O0407FE *.0Ace eeKeOoeee00eeOAseeaselacso*
75AB290 41106CuAA D5051000 C1324780 C0504110 100C5910 C1224740 COS5E4TFO CO544110 *eaeeNooeAcessoocossasAees seelosadk
05AB4C Cl2645EC CC2847FF CC8447F0 CO8A0000 4110C0C2 45E0C028 47FFC096 OT0000C1 *AceeoseseesOenecceeBeorsonancaask
05AB60 45EC0CO05A D505C132 16004780 C1380002 F2F6F4F8 F3F3C4F1 F6FOF2FL FLFS5FTF6  *..eeNeAoeeosA...264833D160211576%
05AB80 F4F2C4F1 F1F1FCF6 F2F2F5FA F1FTE6GF1 F4FOF4FT7 FOF8F5F1 F6F3E6F0 F1F6F2F8 *42D11106225617TW14947985163W01628%
05ABAC F5F4F1F6 FTF3C4F0 F2F8F2F5 FTFTFLFS F4F3E6F1 FOF6F6FT 404C4040 40404040 %*541673D02825771543W19667 *
05ABCO 40404040 40404040 4040404C 40404040 40404040 40404040 40404040 40404040 * *
05ABEO 40404040 40404040 0005ABBE FTFTFLF5 F4F3E6F1 FI9F6F6FT F2F2F5F6 F1FT4TFO = eeeelT1543W19667225617.0%
05ACJ0 C2921vFF 1821F275 C28A1030 4F10C28A 1B00SD00 C1821810 89000002 89100003 *BeseeeleBocoeeoeBooseoeAeoronnnnnes®
05AC2C 1A104111 C194D5C5 1000C186 4770C172 44CFC18C 1BFFOTFE 41F00CC4 CTFE4LFO *eeeeAeNoeeAoeeAeeeAeoeeealanas 0%
S 05AC40 J0C647FC C14C0CCO 00000014 40404040 4040D20B 10002000 07004040 40404040 *...0A coeese Kesoosao *
J85AC60 40404040 4C4C4040 40404040 4040404C 40404040 40404040 4040404GC 40404040 * *
05AC89 40404040 4040404C 40404040 40404040 40404040 40404040 4040404C 40404040 = *
05ACAQ 40404040 40404040 4C404C4C 40404040 4040404C 4C404040 40404040 40404C40 = *
05ACCS 40404040 40404040 40404040 40404040 40404040 40404040 40404040 4C40F1F1 = 11
05ACEQ F1F1F1F1 E6F1F1F1 F1F14C4C 40404040 40404040 40404040 40404040 40404040 *1111Wlllll *
05ADJ92 4040404C 40404740 40404040 40404040 40404040 4040404C 4040F1F2 F3F4F5F6 % 123456%
=205AD20 C4F1F2F3 F4F5404C 40404040 40404040 40404040 40404040 40404040 4040404C =*D12345 *
©05AD40 404C404C 4040404C 4040C504 02400000 J0000000 0444431F 4110C2DC 45EO0C13C * Eeo ceceescerseeBasosA,*
05AD6C 4TFFC29E 47FCC2A4 00034110 C2E845EC C13C47FF (C2BC47F0 C2B60004 4110C2F4 *.eBeaOBeoeeeBYeoAeeoeBeolBauasaBs*
05AD3C 45EC0C13C 47TFFC2C2 47F0C2C8 0C054110 C30045E0 C178D505 1000C30C 478CC306 *eeAeeoebBBeOBHeeeeloaoweAeNeaoCaaaloa*
05ADAO 0006F1F1 F1FiIFLF1 E6F1F1Fl F1lF1F1F2 F3F4F5F6 C4F1F2F3 F4F5F4F4 F4F4F3F1  *,,111111W11111123456012345444431%
05ADCO C4F4F4F4 F4F4F1FL FLFLF1F1 47FOC42E 1821F275 C28A1000 4F10C28A 1BOC5D00 #D44444111111.00eee2eBecceebBocces*®
05ADED C42A890C J000241F0 C38A1AFO 581FCCCO 12114770 C33841FF 000147FC C356D505 *DeeeeeeO0CeeUsccesaoelocanaslCeNe*
C5AECO 10032300 4780C37A 41FC1C0C D2C2C3383 100C5810 €3821211 477CC338 D202F000 *eseeeaCaeloekeCosoeolososaloKoOu*
0B5AE20 C38756FC C3861R1F D20B1COC 20G0DT702 100C10GC 41FFCOOF 5CF0C386 1BFFOTFE *#CeeUCceeKeoooePoooeaososelCannaa*
05AF4 2 41FJ0C04 CTFEOSQCC CO200CGC 2J05AET7S8 0JC00000 0000CJU00 30000000 O00CO000 *eUeessosssoseveesssccsssnscssces
CSAE6C 303CCOG0 20ul0000 030CO0QCC 2303000 00CC00J0C OO0OCCO00C 404C4C40 40404040 Fueeeeooosscesesssosssansos *
25AE8C 43404040 40404040 40404C4T0 40474040 40404040 40404040 40404040 40404040 = : *
CS5AFAQ 404L404C 4040404C 40404042 40404040 40404040 40404040 404C404C0 40404040 *
O5AECC 40404LF4 FCFOFCFC FLF8FCFG FOFOFLEG F1F2F3F4 F5F6FOF0 FOFCF6C4 F3F2F5F6 % 4C0001800001W12345600006D3256%
JSAEEC F8F4FUFC FUFCF1C4 FOFB8FTF6 F50003C0 02030040 4110C403 45ECL3CA 4TFFC43A *84000010C98T6540eees sebleeslanalo¥*
C5AF00 47FGC44C 0007411C C40F45E0 C3CA4TFF C44C4TFO C4520008 4110C418 45EOC3CA  *#.0D eeeeDeeeCoeeDeelDecssseDeaalo*
C5AF20 4TFFC45E 47FO0C464 00094110 C3FD45SEC C3CA4TFF C4T7TCCO0A 0T70C0C14 411CCTBE *eeDeelDeveesCoceCeceDennnennsabe®
05AF40 1582148F2 JU0ULG6F0 4CFCCTC4 41AFC4AA 48F 12002 C6FO04CFO C7961AAF 48F10004 *4442¢000e0GeseDealese0e0Geceslan
05AF60 C6FOLEFF 1AAF481A 0COCOQCB 47FCC612 00440020 FFETO03F OOL7FFEF 003400CC *4CessveaseceslFccriaceXaoaaeanaaoX
0SAF80 FFECO238 CCl6FFFB CO3DOCLE FFF6003A UDOCFFF1 002B000D FFF9C038 OOLOFFDC *eeesessoccceebosessloseeesToneaaak
05AFAC J0360018 FFFCLT3C OCLEFFFE C0432025 FFES5C03E CCl6FFF4 00330008 FFEICC37T *eeessensoeebaseesVisaeshooseoanaeX
CSAFCO JCl9FFFB 00290028 FFFCQC44 OJCQ27FFEC CC410C1A FFEF0032 OOOBFFEU 003BO01C  *ueeeesooesocsecssacsssssncsssesese™
CSAFEC FFF90042 J023FFF2 0C2603020 FFETOT49 DU19FFEE 00350000 FFDFO0039 OC1BFFF9 #.9.ceselecceaXeossososoosnnasedld*
€5800C J03CCll+ FFF6G34E 0C25FFE9 203D0C15 FFF50035 2JCOEFFDD 0C380C18 FFFBOO3D #eseeebovoeeloceeobecronancnnnnaak
£58020 0020FFF3 QU3A002A FFDDO049 COLAFFEE C052CC2C FFECCU4C O0020FFF1 00330014 *eseB3cesccocsccccccssccoscoslanadk
05804C FFECGC41 CJZ3FFET 00400C18 FFF27C35 OJDODFFDF 00340016 FFFEOO3D OO0LFFFF5 *.ieeeeeXe ceelececccssacsssnnaadi
55806¢C OC3ACG2A FFDODCC35 002BFFDB C0340028 FFEQOOO038 OJ02AFFDD 0033G028 FFE20042 *eeeeoosososscsososcnssossencseSas¥
05808C J024FFE6 OC3FGO1B FFF1003B COCBFFDB 00340016 FFFEOC3D 0020FFFC OO4EQO0O0C *eeeWeoeoolooeoeoacacasesoeslanaek
C5BOAC EFE70035 UJ21FFFO 0C2A00C2 FFD90038 0021FFF7 003C0022 FFEFCO44 O0020FFES5 *eXeeoeoOsoeeaReseselocesnseesssV®
0580CC 003F 0017 FFEF0034 O0OCFFCC 00380016 FFFBOG3D OOLEFFF6 47F0C64C 18614140 *eeeessososossacssceeassebeOF.oo. *
05R0EQ 20044150 0C604125 C6728850 0001D505 20006000 4780C646 4740C638 13551A25 FeseseseeFeosaaNoooseseFee Fooooox




058100 10554640 C62441F0 000407FE 18121BFF O7TFE4110 C67245E0 C6164TFF C6584TF0 *.ue FeeDooeoooseneaaFacosFooaeFol 0%

058120 C65E0CUC 4110C678 45E0C616 4TFFC66A 00CDOTO00 47TFOC732 F2F6F4F8 F3F3F5F5 *FeeeeeFooeFeeeFaseesa0Ga26483355%
05B14C F5F1F2F1 FOF1FOF4 F3F8E640 40404040 FOFQF8FE FTF3C440 4040404C F1F2F1F3 *5121010438W 098673D 1213%
058162 F4F8E640 40404040 F1F4F6FT F9F2C440 40404040 F2F6F4F8 F3F3C440 40404040 *48W 1467920 2648330 *
058180 F2FTF6F5 FIF9E640 40404040 F3F3F3F4 F8F2C440 40404040 F4F1F3F7 F3F3E640 *276599W 3334820 413733W *
05B1A0 40404040 F5F5FLFT F8F3C440 4C404040 F5F9F9F4 F5F2E640 4040404C F6FTFBF9 X 551783D 599452W 6789%
0581C0 F1F2C440 4040404C FTFTF1F5 F3F2C440 40404C40 FBFOFOF3 F2FOE640 40404040 *12D 7715320 800320W *
05B1EOQ F8FB8FOF9 F3F2C440 40404040 FOF1FOF2 F3F4C 440 404C4040 58DD0O004 98ECDOOC *880932D 910234D cecees e
058200 O7FEQ5EF 58F0916A 00066F68 00000000 00060840 000648E8 Q00635E0 00061C38 *eveoeloooaocassacee eoaYeoooaaad¥
058220 OOC5E5A8 (C0061C38 00000000 C0000000 00459000 C9C5C6F4 F5F1C940 40404040 *eeVeeoeoesososseaaeasl EF451I *
058240 4040404C 4B404040 40404C40 404B4040 0005B51E 00010018 CO00200BA 0006EB4C * . e eeecssscscsescY ¥
058260 9CECDOCC 05C004F0 07004110 CO100511 OFC5B304 7FFFOAOQOE 58B00010 911CBOT74 *eeeeoeelOceacececccoscsnscsnseaaneek

05882C 504G1010 434CA008 12444780 885C4820 AOCE5420 8A9E4780 8TFC0620 S5A20BOL0 *4 eee eeesccccscsccscsccsccscsccs¥

LLL



DIRECTLY ORGANIZED DATA. PAGE 14
LOC 0OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FO8APRTO 9/716/70
464 Aok Ak ok ROk oRdokk dOR ORR dR ek ksk ok ok ok ROk ok Rk ook ok R R Rk R Rk FR %% 00043900

465 * 00044C00

466 * ANSWERS FOR THE DIRECT STORAGE AND RETRIEVAL ROUTINE. 00044100

467 * 00044200

468 * 1. MULTIPLYING REGISTER 1 BY 12 TO GET THE PROPER DISPLACEMENT 00044300

469 * IN THE TABLE 'DIRECTAB'. 00044400

470 * 00044500

471 * 2. A) THE DATA ITEM 'ITEM1' GETS MOVED INTO THE TABLE. 00044600

472 * B) NOTHING (NGP). 00044700

473 * ' 00044800

&4 T4 ssdedsdodsdd sk ok skaiok ok ok ko ook ook S o ok sk ok ok Ok sk Skl sk ok ok ok kokoRok ok ok sok Rk Rk k% 00044900

476 koo kot de s o e e e s et oo s el o e e 3 i o o ok el Kok ok R s kR R SR RR SRR R SR ok Rk ok Rk Rk 0045100

477 * 00045200
478 * » ANSWERS FOR THE DIRECT STORAGE ROUTINE CUMP. 00045300
479 * 00045400
480 * 1. WE WERE TRYING TO INSERT 'ITEM3' INTO THE TABLE. 00045500
481 * 00045600
482 * 2. THE RETURN CODE WAS 4. 000457C0
483 % 00045800
4R4 ¥ 3. THE SPOT WE WERE TRYING TO USE IN THE TABLE ALREADY 00045900
485 * CONTAINED A DATA ITEM. C0046C00
= 486 * 60046100
L4 487 * 4, X'6SAEDE' OR *STORAGE'+X'021E' OR &DIRECTAB'+X'84'. 00046200
488 * 00046300
4 8Q  Hdesok Hok Rk gk ok ko ok ok ek gk ok ofoR ROk ok Rk Aok R Rk KRR R xR FR R R R R KRR RXRXEX 00C46400
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DIRECT STORAGE ... WITH SYNONYMS.

0OBJECT CODE ADDR1 ADDR2 STMT

491
492
493
494

496
497
498
499
500
501
502
5C3
504
505
506
507

5C9

511
512

3 3¢ 3 ¢

3 3 3

03 3 3k 36 3 3 3 3 3 3t 3

SOURCE STATEMENT

et S e e oo e e Aok A0 e R oK R R e X ok R Rk kR ROk
* DIRECT DATA STORAGE WITH SYNONYMS. *

* - -

*
o ok A AR oK SRR R R R R R oK kR R R R R R R R R R

FOBAPRTO

SYN.ONYM /'SIN-E-NIM/. N (ME SINONYME, FR. L SYNONYNUM FR.
GK SYNONYMCN. FR. NEUT. OF SYNONYMOS SYNONOMOUS,
FR. SYN- +0ONYMA NAME) 1. ONE OF TWO OR MORE WORDS
OR EXPRESSIONS OF THE SAME LANGUAGE THAT HAVE THE
SAME OR NEARLY THE SAME ESSENTIAL MEANING IN SOME
OR ALL SENSES: 2: A SYMBOLIC OR FIGURATIVE NAME:
METCONYM 3: A TAXONCMIC NAME REJECTED AS BEING
INCORRECTLY APPLIED OR INCORRECT IN FORM. -
SYN.ONYM.IC /SIN-E-NIM-IK/ OR SYN.ONYM.I.CAL /I-KAL/
£DJ= SYN.ONYM.I.TY /=NIM-ET-E/ N.

COURTESY OF: WEBSTER®'S 7TH NEW COLLEGIATE DICTICNARY
G. & C. MERRIAM COMPANY, 1967.

R o o o B R Rk & R R A R

#3636 36 3 3 % 3t 3 3 3 3 I 36 30 3¢ 3 % 3 3 3F 3¢

AS YOU CAN SEE, OUR 'HASHING' TECHNIQUE CAUSES US TO DEVELOP
*SYNONYMS', WHEN TWO DIFFERENT NUMBERS 'HASH' TU THE SAME
ADDRESS. SO, WE NEED TO DO SOMETHING TO CORRECT THIS FAULT
IN OQUR SCFEME. ONE OF THE METHODS OF HANDLING THIS PROBLEM
IS TO PLACE THE *SYNONYM' IN THE NEXT FREE SPOT IN THE TABLE
AND *CHAIN' THE ORIGINAL AND IT*S SYNONYM TOGETHER BY AN
ADDRESS VALUE, SO THAT WE GET:

+ +
HASHED ITEM # 1 100CGO0) O'S INDICATE ABSENCE OF A CHAIN.

I

+ + +

| HASHED ITEM # 2 | +=—=#+==>+ (CHAINING
+ + + { POINTER.)
1030000000000 00000000 )))) |
coocococeoooooocoococeeeoneg |

+ + + v

|

SYNONYM FOR # 2 1 00C000 | <K==+

+ + +
1<—=== 12 BYTES ===><-3-=>|

P AGE 15

9/716/7C

00046600
000467CC
00C4680C
00046900

00047100
00047200
00047300
00047400
000475C0
00047600
000477G0
00047800
00047900
00048000
00048100
00048200
00048300
00048400
000485C0
00048600
00048700

0C048900
00049000
000491CC
00049200
00049300
00049400
00049500
0004960C0C
00049700
00049800
00049900
00C5C000
G0050100
00050200
00050300
00050400
00050500
00050600
00050700
0005080C
00050500
00051000

R L R R R T T B N S B R S R o R R 2 X R R R S A oI oL B Re]s)
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Loc

DIRECT STORAGE ...

OBJECT CODE ADDR1 ADDR2 STMT
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582

WITH SYNONYMS,

SOURCE

STATEMENT

FOBAPRTO

o 2 R B o o o o A R R R R R TR T R R R R R S R

3 % 3 3 3 3 3 b 36 3k 36 36 36 3F 3% 3 3 5 3t 3 3 3t 3t 3k 3 3t 3 36 56 3 3 3 3 3 3 3 3¢

*( ADDR.

*0F 1ST

*UNUSED

*BYTE IN
*

SINCE WE ARE GOING TO USE POINTERS TO LOCATE THE

LET'S MAKE THE CHAINS
POINT TO SYNONYMS,
TABLE?? INSTEAD,
FILL IT ONLY WITH POIN
TO CONTAIN THE CHAINS

EACH. DATA ITEM HAS CHANGED SLIGHTLY

ADDED A 3-BYTE ADDRESS
DATA.

OUR TABLE WOULD LOGK L

"HASHTAB?
__ __+
| + + >

F e 5

100600000 |

pmm—

$mmmmd>

+ +
+ +

|

)
tm——————— ¢ |
100000000 | [
o |
10C000G001 1
tm——————— 1
|[RERERRERRE] i
ceeeeeeead |
i

+

|

|

|
t———————t |
| tm———tr—— [}
tm———————t |
| CCOCOC00Y l
ot 1
IRERRRRRRR] |
coeeeeeedd |
|

1

|

|

+

fm———————

TNXAVAIL®

t————————t
_ tm————pm—————D

fmtmm e ———

"CHAINS'.)

SEPARATE. AND, SINC

TERS. THEN,
OF DATA ITEMS.

"CHAINS®',
E WE ARE GOING TO

WHY BOTHER PUTTING THEM IN THE MAIN
LET'S RESERVE A TABLE TO

*HASH®* INTO, AND

WE'LL USE A SEPARATE AREA

NOW, IN THAT WE HAVE
FIELD TO THE END OF THE STANDARD

IKE THIS:

ICHAINS!'

+ + + +

12C00001 DATA ITEM |  #——+————==D>+

+ - + + |
14600091 DATA ITEM |0000GO| 1

+ + + + 1
18000021 DATA ITEM {000000] 1

+ + + + Vv
16C000G] DATA ITEM |000000|<——————+

+ + -— +  (POINTS TO
| | THE START
. + OF THIS
1 ( FREE AREA ) I LINE.)
+ +

1 |

I |

i |
SRRERERERRRRRRRRERRERRRRER
roerreceeeeeroeereeeeeeeeodt

+ +

*%%x%% NOTE *%%%x%x THE FIELDS SHOWN IN

THE FIRST COLUMN OF
THE SIX BYTE MAN NU
SEARCH ARGUMENTS.

*CHAINS* ABOVE ARE
MBERS USED FOR

B Lk R s b AR a s s

PAGE
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00051300
00051400
00051500
00C516G0
00051700
00051800
00051900
00052000
000521C0
00052200
00052300
00052400
00052500
00052600
00052700
00052800
00052900
G0053000
00053100
00053200
00053300
000524G0
000535900
00053600
00053700
00C53800
00053900
00C54000
C0C54100
G00542C0
00054300
000544C0O
00054500
00054600
00054700
00054800
000549C0
000550C0
006055100
0C055200
000553CC
00055400
00055500
00055600
000557C0



SLL

HASHIT
Fokdok A] dokdokackok %
*

* START
*

*
Sk AR R R KKK KK

P
NO
o ¥,
D1 *o
o ¥ . *,
YES X¥END OF THE
= X, CHAIN ?
*, Sk
\ Ko o X
PETE

------- >% HASH TABLE

Hokdok ok A 2k ok ook
* CONVERT MAN
* NUMBER TO A

3 3 3 3 3¢

: ADDRESS.
ook o e gk kR ok R ROk

Vv
oo ENTER
B2 *, Fod ek kB3 ok ok kAR ok %
X %, * *
«*IS THERE A *. NO *ENTER THE ITEM *
* .o CHAIN ? ¥ ——m————— >* IN THE TABLE *
%, o x A * *
%, X * *
*, ok ok i ok ok R kR Rk ok
* YE ok K
* %
* R3 %
* *
sk ok
v
LOOoP K, DUPE
c2 *,
K *, Ak ok k(3 ok koot ok
*IS THIS THE*x., YES *RETURN, CODE = *
ITEM ? R . *
%, L% * *
%, oE doktok dokR ok Rk dokk
*, oK
T NO
Vv
KK )2 KAtk Rk
* *

* GET POINTER x*

* .
*.*<-°-<--~ #*TO_NEXT T TEM TIN*

* THE CHAIN. x
************

S

—————

sk kB 4R R R R R K
RETURN, CODE =

b
R F R RRRTRRREK

*
*
*

CHART SYNONYMS
PAGE 001 OF 001



9Ll

Lce

20030C
0Ce310
202312
020318
C0031C
T0031E
230322
3C0326
coL32a
&on32C
€aC330
Cn0C332
500336
C0033A
C0033E
330344
200348
08034C
200352
J0035¢
208358
CCa35C
290362
nNN366
n00368
0C036E
oCO374
202378
0G237C
GCO237E
000380
C003R4

2C2386
£00388
£0038C
20390

200421
208420
300430

DIRECT STORAGE

OBJECT CODE

4T7FQ
1821
F275
4F 10
1800
5000
89C0
41FC
1AFQ
581F
1211
477C
41FF
4TFC
n505
478C
41FC
D202
581C
1211
477G
N2C2
58FC
181F
n2aor
b73C2
41FF
SGFO
1BFF
O7FE
41F0
O7TFE

Jdcce

C42E

C28A
C2gA

790370C0C0
03000386
02C05G0CUACGOG0a

1CCO

Oy

ADDR1 ADDR2

00434

C02¢eC 00CQO

00290

0G430
00002
0039C

o
o
o
o
(&)

[sNeNsNeNel
O WO W
OV OWw
OO =m

0
C
G
n
v
0

w
@
<

4040436040404040

F4FLFGRCFUFRL
FaFCFCFOFCFLEGOFL
FEFOFOFUFUFOC4AF3
F4FQOFOFCFGF1C4F9
[Sjaistelely)

10030040

WITH SYNONYMS.

STMT

567
598
599
600
601
6C2
603
604
605
6C6
607
608
6C9
610
611
612
613
614
615
616
617
618
619
62C
621
622
623
624
€625
626
627
628

630
631
632
632
634
€635
636
637
638
€29
664G
641

642

SOURCE STATEMENT

HASHIT

LooP

ENTER

DUPE

WORD
NXAVAIL
HASHTAB
CHAINS
CHAINPTR
CHAINDUN
SEARCHZ
ITEM1A
[TEM2A
ITEM3A

F200000

B

LR
PACK
cve

CHAINTST
R24R1
DOUBLE, MANNUMBR
R1,D0UBLE
RO,KO
RC,F200000
RC+2
R154HASHTAB
R15,R0O
R1,0(K15)
R1,K1

Loce
R1541(R15)
ENTER

MANNUM ER y MANNUMBR-DATAITEM(R2)

DUPE
R15,CHAINPTR

WORD+1(3) ,CHAINPTR

R14WOKD
R1,4R1
Loop

C(34R15)9s NXAVAIL+1

R15,NXAVAIL
R1,R15

DATAITEM(ITEMLEN),C(R2)
CHAINPTR(3),CHAINPTR DICTIONARY,
R15,CHAINDLN(R15)

R15,NXAVAIL
R15,4R15

R14

R15,44

R14

FIOI

ACCHAINS)
1CF*'C?
19999CF 0!

75C* 1
2925c00C" '
DATAITEM+ ITEMLEN
ITEMLEN+3
Cct4C00CL?
C'80CCCLW12345"
C'6CCol6D32568!
C'400C0C1LD98BT65!

F120C000!

FOBAPRTO
BRANCH AROUND THE IN-LINE CUDE.

CONVERT THE *'KEY® TO AN ADDRESS
USING MGODULO DIVISION BY
200,000.

CHECK FOR THE EXISTENCE OF A CHAIN.

* % % x REFERRED TO IN QUESTIUN 3.

SEARCH FOR THE ITEM.

REFERKED TO BY QUESTIUN 2.

* % % %
# % % % % % % DITTO. % % % % % % %

INSERT CHAIN POINTER.

INSERT THE DATA ITEM [N THE

AND INDICATE END OF
CHAIN. POINT *NXAVAIL® TC NEXT FREE
BYTE IN THE TABLE.

RETURN CODE = G, NORNAL RETURN.

DUPLICATE, SET ERROR RETURN CODE.

GLEREEEEEERELELEELEEEEELELEEEEELELEEE

& TABLES, CONSTANTS AND TEST DATA &
& USED BY THE DIRECT STURAGE &
& ROUTINES (SYNONYM CHAINING &
& VARIETY). THE TOP 199,990 WORDS &
& OF THE 'YHASHING' TABLE ARE FAKE, &
& BECAUSE I FALL OFF THE END OF &
& MY MACHINE AT 512K, AND, BESIDES &
& THAT, YOU'LD GET A HERNIA PACKING&
& ARQUND A 512K STORAGE DUMP.... &
CEELEEEEEEELEEEEEELEEELEELLEEEEELEES

PAGE 18
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00057200
00057300
00057400
00057500
06057600
00057700
c0Q0578C0
00057900
00058CU0
000581C0
0C05820¢
00058300
08058400
00058500
00058600
00058700
cocs88CC
0GCs890¢C
000590C0
00059100
C0059200
0005930¢C
00059400
00059500
000596CC
JC059700
00059800
C0U599C0T
000600GCC
00060100
C00€e0200
00060300

cG060500
000606CC
00060700
00C€08GC
0C060900
0006100C
0C2611C0C
00061200
Co06130¢C
000614CC
0C061500
0CCo61600

00Q0617CO




DIRECT STORAGE ... WITH SYNONYMS. PAGE 19
LOC 0OBJFCT CODE ADDR1 ADDRZ2 STMT SOURCE STATEMENT FC8APRYC G167 19
644 *LEEEEELEEEREELELELEELEEaAEEEEEEEEEEEELEELEEEELEEELERELEEEELELLEREEEERE 00U6140L
645 * THIS CODE TESTS THE CHAINING EXAMPLE. IT ADDS THREE DATA Juu62.00
646 * ITEMS, ONE OF WHICH IS A SYNONYM, AND IT RETRIEVES UNE OF CCC6210C
647 * THE ITEMS JUST ADDED. 0C0622C:
648 *¥ELEEEEEEEELEEaGLEEEEERaEELELEEELLEGEEEEELELLEEELEELEEEREEREELLELERELES
G00434 649 CHAINTST DS OH
000434 4110 C4C3 C04C9 650 LA R1,ITEM1A FIRST ITEM TO Bt ADDEUD. ]
000438 45EC C3CA 00310 651 BAL R14,HASHIT 0626060
30343C 47FF (43A C0440 652 B ®+4(K15) 0C06217CC
CG0Jl44C 47F3 C440 N0446 653 B *+6 GuC62800
200444 2007 654 DC HYT? DUMP [+ INSERTIUN FAILS. COC6293C
020446 411C C4CF 00415 655 LA R1,ITEM2A SECOND ITEM T 8E ACDED. UL0630020
J0044A 45EC C30A 0031¢C 656 BAL R14,HASHIT C3u6310C
3C0044E 4TFF C44C 00452 657 B *+4(R15) 00C632C0
£N0452 47FC Ca52 3C458 658 B *+6 R 00063320
00C456 2C08 659 bDC H'8¢ DUMP [F INSFRTIUN FAILS. Q0U634CY
C0C458 4110 C418 C0421 660 LA R1,ITEM3A THIRD ITEM TO BE ADDED (SYNONYM), CC063503C
0Z045C 45EC C3CA 00310 661 BAL R144HASHIT 00063600
n0%460 4TFF (C45E Ju46a 662 B *+4(R15) €30637C0
C00464 4TFG (464 0046A €63 B *+A C0063&00
€C0G468 J320¢ 64 DC HYQqr DUMP IF INSERTION FLALS. 0CC63900
30C46A 4110 C3FD GS4C3 665 LA R1,SEARCH2 ITEM TO BF LOCATED 0C0640GU0
20046F 4REQ C30A C0310 666 BAL R144HASHIT C0o641CC
200472 4TFF C4T7¢ 00476 667 B *+4(R15) 0C0642GCC
2202476 O00CA 668 bC HY1C! DUMP IF NOT FOUND C0u6430C
N203478 Q7CC 6A9 NOPR 0 CO0&E440C
OCL4TA OCl4 670 DC HY2C! TAKE A DUMP JUST TO Stk WHAT THE C006450C
671 * TABLE LOOKS LIKE IN STORAGE.... 06064600
€T3 okt s e R OO ORI R AR O R SRR R R OR HOR SRR R R R RO R R R R AR IR R Rk CL064A00
674 * 005649CC
&75 #x=NOTE: THE COMMENTS FIELDS OF THE INSTRUCTICONS REFERRED TO IN THESE 0C065C0UC
676 * GUESTIONS HAVE ASTERISKS ( * )S IN THEM. GOU651CC
677 * 00065200
678 * ANSWER THE FOLLOWING QUESTIONS CONCERNING THIS CUDRE AND THE ulu65300C
679 * TARLE THAT IT USES (TABLE ON THE PRECEEDING PAGE). 0C06540C
680 * CC065500
681 * 1. WHAT HAPPENS IFf I REPLACE THE " MVvC WORD+1(3), CHAINPTR 0CC65600
682 * & L R1,WORD "™ INSTRUCTIONS WITH " { R1,CHAINPTR-1 " ? 00065700
683 * CCO065¢00
€84 * 2. WHAT IS THE RFASON FUR ADCING 1 TO REGISTER 15 BEFURE 0CU6S3900
685 * BRANCHING TGO M"ENTER" ? * % SEE NOTE ON THE INSTRUCTION. Co066C00
686 0C06610C
BT ks ok ko Rk ok oK ok R sk s oK Yok i il O Rk SRR SRR OR SR RO ROROR IR ROk o S kR R Ok kR k% 00066200




8Ll

LocC

DIRECT STORAGE «.. WITH SYNONYMS,

OBJECT CODE ADDR1 ADDR2 STMT

€89
€90
691
692
693
694
695
656
697
698
699
760

SOURCE STATEMENT FOBAPRTU
e st e e ot ot o ol e ook sk ok S g oK 0 e ot R R OISR R R R R R R R SRR HOR SRR 3R HOR ROR R
*
* ANSWER THESE QUESTIONS ABOUT THE DUMP ON THE NEXT PAGE.
* 1. HOW MANY "CHAINS" ARE THERE CURKENTLY IN "HASHTAB'"™ ?
Iy
* 2. HOW MANY DATA ITEMS ARE THERE IN EACH "CHAIN" ?
*
FkkxAkAxx WHEN YOU FINISH THESE, DISPLAY THE WHITE SIDE OF YOUR
* "ANSWER CUE".
*
s s g skl sl ke ook s e s s R ke R R R IR R OR B R 5 3R R o R R SRR R IR IR SRORROR R R

PAGE 2C
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0006640C
J33006650C
CC066600
CCOoe6700
0CUE68E0C
0006690C
0C067C00
C0067100
C00672G0
Go0673C0C
0C06T7400
0Co06T500




F.P. REGS.

REGS 0-7
REGS 8-15

0C0000
203020
00004C
002060

05AACO
05AAEQ
05ABCO
C5AB20
05AB4C
05AB60
05AB80
05ABAO
05ABCO
05ABEQ
05AC00
05AC20
05AC40
05AC60
05AC80
05ACAO
05ACCO
0SACEO
05AD00
-~ G5AD20
© 05AD40
05AD60
USAD8O
N5ADAD
C5ADCO
95ADEQ
SSAE00
05AE20
C5AE40
05AE6C
O5AE80
05AEAQ
05AECO
05AEED
05AF00
05AF20
05AF40
J5AF60
05AF80
05AFAD
05AFCO
O5AFED
058000
658020
058040
053060
£5B080
N5B0AC
2530C0
0530E0

0C.000G00 0GGONGCOG

CCO0C004 COC5AE96 OOCSAEC3 GCC0000O
CO01DCAO 00000000 0001DCC8 00000000

00000000
FFB50003
00001360
00040G0C

9CECDCGC
F0C0C022
59FCC122
4110C0AA
C12645E0
45ECC05A
F4F2C4F1
F5F4F1F6
40404040
40404040
C29218FF
1A1C4111
00064 7FC
4040404C
40404040
40404040
4C4C404¢
F1F1F1F1
40404040
C4F1F2F3
40404040
4TFFC29E
45ECC13C
JCU6FILF1
C4F4F 4F 4
C42A6900
100C2000
C38758FC

41FGCOG4

JC0030CC
F2F3F4F5
F6F5000C
4C4G4CF4
F8F4FCFC
4TFCC440
4TFFC45E
132148F2
06FC1EFF
FFEOCG38
003606018
0019FFFB
FFF90042
003CUCl4
0C2CFFF3
FFECO041
CC3A00zA
0024 FFE6
FFE70035
CC3FuCl7
C0C44150

0Cu00000
6FG07588
08600060
000078BC8

05C041F0
4TFOCGC24
4740C02C
D5051000
CO02847TFF
D505C132
F1F1FOFe6
FTF3C4FO0
40404040
40404040
1821F275
€194D505
C1400000
40404040
40404040
40404040
404C4040
E6F1F1F1
40404040
F4F54040
4040404C
4TFOC2A4
47FFC2C2
F1F1F1F1
F4F4F1F1
000241F0
4T7T8CC37A
C386181F
O7FEQOQOC
Q20000600C
U5AE96F6
00404040
FOFOFCFO
FOFOF1C4
GGC7411C
4TFCC464
00C0G6FC
1AAF481A
GOl6FFFB
FFFCO03C
00290028
0023FFF2
FFF6004E
0U3A002A
GG23FFET
FFDDOC35
003FQ018
U021FFFO
FFEFC034
006C4125

00000C00
FFB50001
00001358
00040000

C73E50FD
O7FE4TFO
D2CBFOCC
C1324780C
CC8447TFO0
18004780
F2F2F5F6
F2F8F2F5
40404040
0005ABB8
C28A1000
1660C186
CC000014
40404040
40404040
40404040
40404040
F1F14040
40404040
40404040
4040C504
00034110
47FOC2C8
E6FLF1F1
F1F1F1F1
C38A1AFC
41FCIO00C
D2CB1000
0J05AES6
QCCSAEBT
FOFOFOFQ
404040490
F1F8FOFC
FOF8FTF6
C4CF45E0
00094110
4CFOCT794
000000GCB
003DOC1E
COlEFFF6
FFFCCC44
00260020
0025FFES
FFDDO049
00400018
002BFFDB
FFF10G38B
002A0GC2
000CFFCC
C6728850

00.12C0C2 0201D970

€0000000
4FO5AF3C
00005920
00007588

C00850DF
CO7841F0
100041F0
C0504110
C08A2000
C1380C02
FLFTE6F1
FTFTF1F5
40404040
FTFTF1F5
4F10C28A
4770C172
40404040
40404040
40404040
40404C40
40404040
40404040
40404040
40404040
00400000
C2E845E0
0005411¢C
FIFLF1F2
47F0C42E
581F0000
D202C383
2000D7G2
0005AEAS
00000000
F6C4F 3F2
40404040
FOFOF1E6
F5000000
C30A47FF
C3FD45EQ
41AFC4AA
4TF0C612
FFF6003A
00430025
0027FFEC
FFET70049
0C3D3015
O0LlAFFEE
FFF20035
00340028
OGCOBFFDB
FFD90038
0038¢C016
0001D505

FF.040001 5000AC1l6

00.000000 0001D730

00C1AB98 0001BOE8, 0001D140 C001BA48
6F05AAC6 0005B204 8FO05AF32 00000004

UO005AACO
CO0CFFOO
02C03BA4
0000000G0

000418DF
COAAD505
FOGC50F0
100C5910
4110C0C2
F2F6F4F8
F4F9F4F7
F4F3E6F1
40404040
F4F3E6F1
1B0050DG0
440FC18C
4040D208
40404040
40404040
40404040
40404040
40404040
40404040
40404040
0000Qcce0
C13C47FF
C30045E0
F3F4F5F6
1821F275
12114770
10CC5810
100C100C
03CC0C00
00Qc0000
F5F6F800
40404040
F1F2F3F4
00030040
C44C47F0
C3CA47TFF
48F 10002
00440020
CQOCFFF1
FFE5003E
0041001A
CO19FFEE
FFF50035
00520020
OOODFFDF
FFEOQOC38
00340016
O021FFF7
FFFBOO3D
20006000

00000000
00000000
0000996C
00012010

D703D008
F0001000
Cl221BFF
C1224740
45E0C028
F3F3C4F1
F9F8F5F1
FOF6F6F7
40404040
FOF6F6F7
cl1821810
1BFFCTFE
10002000
40404040
404C4040
40404C40
40404G40
40404040
40404040
40404040
C4C0001F
C2BC47TFO
C178D505
C4F1F2F3
C28A1000
C33841FF
C3821211
41FFOOOF
GO05AET8
€0000000
000CF4FO
40404040
F5F6FOFG
4110C403
C4520C08
C470000A
C6F04CFO
FFE7T003F
00280000
OC1€FFF4
FFEF0032
C035000D
O0OEFFDD
FFEOOQ004C
C0340016
CO2AFFDD
FFFEOO3D
0C3CO0C22
O0lEFFF6
4780C646

FF04C080
FF060133
€0040000
0C040000

DCC858F0
4780C054
O7FE4L1FO
CO5E47TFO
41FFC09%96
F6FOF2F1
FO6F3E6FO
40404040
40404040
F2F2F5F6
89000002
41F00004
07004040
40404040
40404040
40404040
40404040
40404040
4040F1F2
40404040
4110C2DC
C2860004
1000C3060
F4FSF4F 4
4F10C28A
000147F0
4770C338
50F0C386
00000000
F8FOFOFO
FOFOFOF1
4040404C
FOFOF6C4
45E0C30A
4110C418
07000014
CT1961AAF
Q01 7FFEF
FFF90038
0C330008
000BFFEO
FFDF0O039
€0380018
0020FFF1
FFFEQOO3D
00330028
0020FFFO
FFEFQ044
4TF0C64C
4740C638

AOOQOA93C
8C000000
00007498
0000751A

C78AD201
41FQF00C
000407FE
C0544110
07000001
F1F5F7F6
F1F6F2F8
40404040
40404C40
F1F747FO
89100003
O7TFE41FO
40404040
40404040
40404040
40404040
4040F1F1
4040404C
F3F4F5F6
40404040
45E0C13C
4110C2F4
4780C306
F4F4F3F1
1BG605D00
C356D5C5
D202F0OCO
1BFFOTFE
0000000G
FOF1E6F 1
C4F9F8FT
4040404C

F3F2F5F6

4TFFC43A
45E0C30A
4110C78E
48F 10004
0034000C
O010FFDC
FFE10037
003B001C
OCLlBFFF9
FFFBOO3D
00330014
O01FFFF5
FFE20042
004EQ0QCC
002GFFES
18614140
13551A25
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1zi

Loc

DIRECT STCRAGE ... WITH SYNONYMS.

0BJECT CODE ADDR1 ADDR2 STMT

SOURCE STATEMENT FO8APRTO

T 02 skt gk ool ook skok e s ok s st ok ok ok ok R R HOHOK SRR R 0K 30RO % ek iR EOR SOR SO R R R R R R R R
;82 Z ANSWERS TO THE DIRECT STORAGE ROUTINE (WITH SYNONYMS).

;82 * 1. A "SPECIFICATION" EXCEPTION WOULD OCCUR BECAUSE OF A

707 t BOUNDARY ALIGNMENT VIOLATION OF THE LOAD INSTRUCTION.

;gg ; 2. TO MAKE THE 'HASHTAB' ENTRY APPEAR THE SAME AS A 3-BYTE

710 * CHAIN POINTER TO THE 'ENTER' ROUTINE.

;i; :******************:***************************************************
T 14 skt dok ook ok ohokoe sk o e ook sk ot o o e ok e ok R R sl Rk ok R R R R SRR R R R R R R R R R R ok Rk
;iz : ANSWERS TO THE DUMP FCR THE DIRECT STORAGE ROUTINE.

;i; ; 1. THERE ARE CURRENTLY 2 CHAINS.

;ég ; 2. THERE ARE 2 ITEMS IN THE FIRST CHAIN, AND 1 IN THE SECOND.
;5; ;*****************#***********x*******#********************:***********
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00067700
00067800
00067900
0C0068C00
00068100
00068200
00068300
CC0684C0
00068500
CC0686CC
00068700

00068900
00069000
00069100
0006920C
C006930C0
00069400
00069500
00069600
00069700




DIMENSIONED STORAGE. PAGE 22

LOC O0OBRJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FO8APRTO 9/16/70
T24 % ootk ek e e o e e okok oK o e o oK ok ok R R R R R ek 0006990G
725 * * DIMENSIONED DIRECT STORAGE. (ARRAYS) * ocovoceoo0
726 * * - * 0007C100
727 * s fofolodoR ok ok ok ook SRR ool ok SRR R RO ROR R R ROK cCoT70200

T29 H4+44+++++++++44+++++444 444t 4HHHH444 004 HHEHHHHHHH4HH 4444444+ +4444+4+ 000T0400

730 =* 00070500
731 =* THIS ROUTINE EXTRACTS THE TEMPERATURE FROM AN TABLE THAT 00070600
732 = CONTAINS THE NATIONAL HIGH, AVERAGE, AND LOW TEMPERATURES FOR 00070700
733 =* ANY DAY OF LAST YEAR. 0Gd70800
734 % 0007G9CO
735 x THE TEMPERATURES ARE BINARY HALF-WORD QUANTITIES IN A THREE- 00071GCO
736 * DIMENSIONAL ARRAY, WHICH MAY BE LOGICALLY ILLUSTRATED AS: 00071100
737 * : 000712CC
738 % +===HIGH 000713C0
739 =* +=-1ST-~+-——AVERAGE 0092714C0
740 * | +—-—=LO0OW 0007150¢C
T41 * +-—2ND.. 0CJ716C0
142 * +--3RD.. 000717GC
743 * +===JAN,===+-=4TH.. ooc71800C
T44 * | +==5TH.. 0CO7190C
745 * +———FEBeee + ... 00072000
746 * | +  ee CQJ072100
T47 * +===MAR.«0s + ... 00072200
2 748 * TEMPERTR—=—+-——APR.e¢ + +e. +=—=HIGH 0C072300
N 749 *x +-—-MAY... #+=-31ST—-—+-——AVERAGE 00072400
750 * +—==JUN. .o +=—-L0OW 00072500
751 * + ces 0C072600
752 * + cee 0G072730
753 * + s 006072800
154 * + cee +—=1ST... 00072900
755 * +———DEC.===+==2NDe. « 00u730C0
756 * +==3RD. . 00073100
57 * + .. 006073200
758 = + ... 0007330C
759 * +-31ST... 000734C0
760 * 00073500
761 * IN CO2E STUORAGE, THIS WOULD APPEAR AS: 00G73600C
762 * 00073700
763 = | HIGH | AVG. | LOW | HIGH | AVGe | LOW Jleeeeel AVG. | LOW | 0007380CC
764 * t—————— m—————— tm——————t - + = o0 e b ———— t———— + 0C0739CGC
765 * === DAY 1 ——————- > {==—= DAY 2 ——=———- > <=...=— DAY 31 —-—=> (00074COO0
766 * {=mmm——=== J ANUARY - eeseee——DECEMBER--> 0GCT7410C
767 % (e * TEMPERTR ¢ cmmmeeeee ceesseenea=——====> 00CT74200
768 =* +0 +12X31X3x2 006074300
769 * 00074400
170 * ANY ENTRY IN THE TABLE IS REFERENCED AS FOLLOWS3 00074500
771 * TEMPERATURE(MONTH DAY, TYPE) WHERE TYPE = HIGH, AVERAGE, OR LOW 00074600
772 * ACTUALLY, THESE VALUES ARE REPRESENTED NUMERICALLY, SO THAT 00074700
773 * THE LCW TEMPERATURE FOR SEPTEMBER 29TH IS TEMPERATURE(9,29,3) 0007480C
174 * AND IS LOCATED BY THE FOLLOWING FORMULA: 0CJ749CC
775 * 00075000
776 * ADDRESS = 'TEMPERTR' + 186(MONTH-1) + 6(DAY-1) + 2(TYPE-1) 00075100
777 * \55‘ G 00075200
TT8 Htt4tt+t+tt+++++++++++++ 444 ++++444+ 44+ +4 4444+ +4+FFHF 4444+ 4F+H++H4++4++ 00075300
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LocC

00047C

000480
000482
000486
000488
Q0048C
000490
000494
000496
00049A
C0049C
0004A0
0004A2
0004A4
C004A6
0004AA

vZL

0004AC
00C4BC

€00618

DIMENSIONED STORAGE.

OBJECT CODE

411C C78E

1821

48F2 000C
06FO

4CFC CT794
41AF C4AA
48F1 0002
06F0

4CFO0 C796
1AAF
48F1
C6FO
1EFF
1AAF
481A 0000
0008

0004

47F0 Cé612
0044002GFFETOU3F

ADDR1 ADDR2

00794

00000
CO79A
004B0
00002
0G79C

00004

00000

00618

STMT

789
79¢C
791
792
793
194
795

797

799
80C
801
802
803
804

SOURCE STATEMENT

3 3 3 3 3 3¢

ARRAY3D

805

806
807
808
809
810
811
812
813
8l4
815
816
817
830
831
832
833
834
835

837
838
839
840
841
842
843
844
845
846
847
848
849

851
852
853

*

TEMPERTR

#* 3¢ 3t

*

FOBAPRTO

NOTICE THE PARAMETERS BELOW FOR THE AVERAGE TEMPERATURE FOR

JAN,

REPRESENTING MONTH,

DAY,

AVERAGE TEMPERATURE FOR JAN.

GET MONTH NUMBER

FIRST DIMENSION
GET DAY OF MONTH

ADD SECOND DIMENSION
GET TEMPERATURE TYPE

ADD THIRD DIMENSION
PICK UP DATE'S REQUESTED TEMPERATURE

TAKE A DUMP
RETURN

24TH. THEY ARE CONTAINED IN A LIST OF THREE HALFWORDS

AND TEMPERATURE TYPEsy RESPECTIVELY.

24TH.

H'684329-25963423+4=17+52+412¢-32+4564224=-05,61,30,~10"

LA Rly=H'1424,2"
LR R2,4R1

LH R15,0(R2)
BCTR R15,0

MH R15,=H"'186"
LA R1C 4 TEMPERTR(RL5)
LH R15,2(R1)
BCTR R15,0

MH R15,=H'6"

AR R1C¢R15

LH R1544(R1)
BCTR R15,0

ALR R154R15

AR R104R15

LH R1+0(R10)

DC H'11"'

BR R14

B ARRAYOK

DC

PRINT OFF <--

I DID THIS JUST TO MAKE YOU LOOK IN THE DuUMP
TO FIND YOUR ANSWERS.

( I HAVEN'T BEEN A PRACTICING FINK
MOST OF MY LIFE FOR NOTHING....)

*%*NOTE *% ONLY THE FIRST TWO MONTH®*S DATA IS ACTUALLY IN THE PROGRAM,
*&Fkx&kk%THE REST OF THE TABLE HAS BEEN LEFT OUT TO CONSERVE SPACE.

e st ek e ok ok ok o ok e i X oK oK o o ok e o ok ok i ok ol sk kol e ko ok ek R oRoRHOR

336 36 36 36 3 3¢ 3 3F 3F 3 3t

USING THE CODE ABOVE AND THE DUMP THAT FOLLOWS,

S % e e e e e e ek Kok ROR R kK

ANSWER THESE.

1. WHAT WOULD THE PARAMETERS LOOK LIKE IF YOU WERE TO TRY TO

FIND THE HIGH TEMPERATURE FOR AUGUST 23RD ?7?

2. USING THE ADDRESS OF 'YTEMPERTR' FROM THE DUMP, AT WHAT
STORAGE ADDRESS WGULD YOU FIND THAT HIGH TEMPERATURE FOR
AUGUST 23RD ??

3. WHAT WAS THE AVERAGE TEMPERATURE FOR FEBRUARY 12TH ??7??

kkdkkkikk WHEN YOU HAVE ANSWERED
WANSWER CUE".

*

st o sttt o s oo ok e oo 6 ok ok S o R R ool e ok oK o ok o o o o e s R R ok o o sk s ok ok o o e e ot R st ok ook

ARRAYOK

EQU

%

THESE,

DISPLAY THE GREEN SIDE OF THE

PAGE 24
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0007640G
00076500
00076600
06076700
00076800
00076900
00077000

00077200

00077400
00077500
0C077600
00077700
0007780C
0G0T7790C
00078C00
00078100
00078200
00078300
00078400
0C078500
0007860C
00078700
00078800
00078900
00079000
00079100
C0C79200
00080500
00080600
000807CO
000808UC
000809G0
00081C00

00081200
‘00081300
00081400
C0081500
00081600
CCco817C0
0008180C
000819C0
00082000
0C082100
00082290
00082300
00082400
00082500
00082600
000827C0
00082800




FeP. REGS.

REGS 0-7
REGS 8-15

000000
2CN020
€ 00040
cooesC

O5AACC
O05AAED
C5ABOC
05AB20
C5AB4Q
J5AB60
G5AB8C
C5ABAD
C5ABCC
O5ABEOQ
05AC0O0
N5AC20
05AC40
C5AC60
C5AC890
05ACAQ
C5ACCO
05ACEQ

. 05AD300

scL

05AD20
05AD4C
C5AN6C
C5AD80
C5ADADQ
05ADCO
05ADEQ
Q5AEQO
N5AE20
J5AE40
C5AE6C
J5AE80
O5AEAC
Q5AECO
O5AEEQ
05AF20
O05AF20
05AF40
05AF60
05AF80
O05AFAQ
05AFCO
GS5AFEOQ
05B000
058027
058040
058060
05808¢C
C5B0A0
053CCC
C5BCEOQ

0G.CG00CC coooce

00Cu0C04 050700

SGU1DCAC

QUu)JCOC
0»3C136O
J0u4G0Ca0

S0ECDOCC
FOJGCL22
59F0C122
411CCOAA
C12645EC
45ECCO5A
F4F2C4F1
FS5F4FiF6
4C404040
40404040
C2921BFF
1A104111
20064 7FC
40404G40
40404040
404C404C
404C404C
F1F1F1F1
40404C4C
C4F1F2F3
40404040
4TFFC2GE
45ECGC13C
J006F1F1
C4F4F4F 4
C42A89C0
1000C2C00
C38758FC
41FJCO04
0C0GG0GO
F2F3F4F5
F6F50000
40404CF 4
F8F4FOFO
47FCC44C
4TFFC45E
182148F2
O6FCLlEFF
FFECG038
00360018
O019FFFB
FFF90042
003C0014
002CFFF3
FFECG041
J03AC02A
0C24FFE6
FFE70035
0C3F0017
00044150

000035000
6FGCT7588
08C00CCO
oG007BC8

05CG41F0
4TFCCO024
4740C02C
D5051C0C
C02847FF
D505C132
F1IF1FOF6
F7F3C4FO
40404040
404C4040
1821F275
C194D5C5
C140G000
40404040
4040404C
40404040
404C4040
E6F1F1F1
40404040
F4F54C40
40404040
4TFCC2A4
47FFC2C2
F1F1F1F1
F4F4F1F1
000241F0
4780C37A
C386181F
07FEQQOOC
0GG000C0
O5AEQ6F6
00404040
FOFOFOFO
FOFCF1C4
0G074110C
4TFOC 464
000006F0
1AAF481A
UGL16FFFB
FFFCO03C
0029G028
0U23FFF2
FFF6CO04E
003A002A
O023FFET
FFDDOO35
UG3F001B
CO21FFFO
FFEFG034
CG604125

00 00.12C002 0201D970

1B 0005B254 00000000
00CC00G000 O0005AFFC 000000O0C

00Co00000
FFB50001
00001358
0004G0C0

C73E50FD
OTFE4T7FC
D20BFOGO
C1324780
C08447FO
1C004780
F2F2F5F6
F2F8F2F5
404304040
0005ABB8
C28A1C00
1000C186
00000014
40404040
40404040
40404040
40404040
F1F1404C
40404040
40404040
4040C5C4
00034110
4TFOC2C8
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C38A1AFO
41F0100C
D20B10CO
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FOFOFOFOC
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F1F8FOFQ
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C40F45E0
00094110
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00Go0GCo8
003DOO1E
OCLEFFF6
FFFCO044
00260020
0025FFEQ9
FFDDO0O049
00400018
002BFFDB
FFF10038
C02A0CC2
00O0CFFCC
C6728850

C0C00000
6F05AF6C
0C005920
00007588

0C0850DF
C07841F0
100041F0
C050411¢C
CO8ACGCO
€1380002
F1FTE6F1
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40404040
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F5000000
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FF. 040001 5000AC16
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DIMENSIONED STORAGE. PAGE 25

LOC 0OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FOBAPRTO 9/16/70

855 okt o A ok ook ok 3ok R R ke ook ook ok Okl k¥R Xk Rk R R kR R ko R ok R R R Rk ok kR R kkk k%% 003083000

856 * 00083100 paApef, DMRD

857 * ANSWERS FOR THE THREE-DIMENSIONAL ARRAY PROCESSING ROUTINE. 60083200

858 * 00083300 Ap P
859 * 1. THE PARAMETERS FOR THE HIGH FOR AUG. 23 WOULD LOGK LIKE: 0008340057‘5-?.“

860 * DC H'8,23,1°" 00083500

861 * 00083600 .
862 * 2. THAT WOULD BE FOUND AT X'0SB70A' OR 'TEMPERTR!+X'059A'. 00083700 5g5 A
863 * 00083800

864 * 3. THE AVERAVE TEMPERATURE FOR FEB. 12 WAS X'00ZB' OR 43 00083900

865 * DEGREES . 00084C00

866 * 000841C0

86T Fakwsdk kR R AR ARG AF KRR KR KRR HR RIS RR IR AR R R R Rk kKR xR RRF K kK RXXxkk 00084200

i, - STREE 4o sk Q5.




BINARY SEARCH ROUTINES. PAGE 26

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FO8APR70 9/16/70
869 * Hofede e kot ek ARk ok R ko 00084400
870 * * BINARY SEARCHES. * 00084500
871 * * * 00084600
872 * ook o o ok ok R ok R R oK 00084700

BT4 k++++++++444++++t++t4++4+++++++tttttt+++4+ttttttttt+tettett+4+4454++44++ 00084900

875 * 00085000
876 * LET US LOOK AT ANOTHER FAST SEARCHING TECHNIQUE WHICH REDUCES 00085100
877 * THE NECESSARY NUMBER OF COMPARISONS TO FIND A DATA ITEM. THIS 00085200
878 % PARTICULAR SEARCHING TECHNIQUE, CALLED '"BINARY SEARCH?® 06085300
879 * RELIES UPON THE DATA ITEMS IN THE TABLE BEING IN ASCENDING OR 00085400
880 * DESCENDING ORDER BY THEIR ARGUMENTS (KEYS). 00085500
881 =* 00085600
882 * THE PRINCIPLE USED IS THIS: 00085700
883 * 00085800
884 * IN AN ORDERED (SORTED) TABLE, WHEN A COMPARISON OF SEARCH 00085900
885 * ARGUMENT TO TABLE ARGUMENT IS MADE, THE DIRECTION O+ SEARCH 0008600C
886 * FOR THE NEXT COMPARISON IS ESTABLISHED BY THE RESULT OF THE 00086100
887 * COMPARISON. THAT IS TO SAY THAT IF I CCOMPARE TWO ITEMS AND 00086200
888 * FIND THAT THE SEARCH ARGUMENT IS LOWER THAN THE TABLE c0086300
889 * ARGUMENT, THEN THE ITEM THAT I*'M SEARCHING FOR (IF IT EXISTS) 00086400
890 * EXISTS AT A LOWER ADDRESS IN THE TABLE THAN WHERE I AM NOW 00086500
N 891 = LOOKING. VISUALLY, IT LOOKS LIKE THIS: 00086600
& 892 * ‘ 00086700
893 x* *SORTED' (ASCENDING TABLE) 00086800
894 * A (COMPARE IS = - + 00086900
895 * | HIGH, ITEM "DVt > LOWEST | { 00087000
896 * 1 MUST BE | += + + 00087100
897 * i LOWER IN B 4= =D b > 1LOW | | 00087200
898 * | THE TABLE.) I | + == + 00087300
899 = | | TEV b >IMEANER | | 00087400
9GO0 * + | + + + 00087500
G011 * START HERE - >+ > MEANEST] | 00087600
902 * + AY] + == + 000877C0
933 * | | TF bm———— >IMEANER | | 00087800
G304 * | (COMPARE IS | | +- + + 0008790¢C
905 * | LOW, ITEM V=== =Dt=====D>| HIGH | { 00088000
906 = { MUST BE | t—————— it + 00C38100
907 * | HIGHER IN Gl ———— >IHIGHEST] | O0GRR2CO
908 * v THE TABLE.) + + + 00608830C0
9Ca9 * *SORTEDNDY (TOP DOF TABLE) 0CC88400
910 * 0Cc088500
911 = THE LETTERS IN THE DIAGRAM MAY BE USED TU FOLLOW THE LOGIC 00088600
912 * OF THE SEARCH. WHEN SEARCHING, WE COMPARE FIRST AT 'A*', IF 00088700
913 * THE SEARCH ARGUMENT IS LOWER THAN THE TABLE ARGUMENT, THEN 0C0888C0
G914 * THE NEXT COMPARE IS AT 'B*; IF THE SEARCH ARGUMENT WAS 00088900
915 * HIGHER, THEN THE SECOND COMPARE WOULD HAVE BEEN AT *C*'. ETC. 00089000
916 * 00089100
QLT *++t+ttttttttt+tttttt4++++t4ttt4t44b++t44t+ttt+t4ttt+4+444+4e4+++4+44+44++ 00089200




6cL

BINARY
etttk |\ 2 ok ke ok ok
Fekkk Al dokkckkkkkk *
* BEGIN BINARY = *HOUSEKEEPING -
* SEARCH % —mmmmmm >t INITIALIZE % ———v
* * * REGISTERS.  *
etk skt ek ok ok ok ko *
4 3k 4 e 3 A e ke 3k ok de e ook ke ok
*
*
*
FOUND
Sdodkok B2 dokdekok dok ok
* FOUND, RETURN *
: CODE = 0. :(———<-
wdk koo kR R kR R

LOW )
dokk K3 kR kdokok ok

*
* ADD INCREMENT
*  T0O CURRENT

*TABLE ADDRESS.

R E kR RRRRKkXX

3 36 36 3¢ 3t 3 3¢

Vv
o ¥,
D3 *o
sk ok o %,
* * NC .* LOCPED 5 *,
* A3 ¥{——— *, TIMES YET ? .x*
® M X, .
S %, %
%, %
* YES
NQOENT RY v
Hek kR ED Aok KR
* NO MATCH, *
* RETURQ CODE = f
. A

BISEARCH
Hok |3 ok ok kK
* *
* REDUCE *
-=>%REMAINING TABLEX*X
% BY HALF. *
*
oot sk ek kK R K
fxkk
¥*
A3 :
sk SREeH <78
v
« ¥, LCR
B3 ., 2k B 4kt R Kok
o ¥ *, * MAKE *
YES .*IS THIS THE*. NO_> % INCREMENT *
- %k, ITEM ? o ¥ —=—=—==>% NEGATIVE T3 *
* o o ¥ * SEARCH *
¥ o % * BACKWARDS %
%, % ok Aok gk Kk
* NO_<
< +




BINARY SEARCH ROUTINES. PAGE 28

LOC NBJECT CODE ADDR1 ADDR2 STMT  SOURCE STATEMENT FOBAPRTO  9/16/70
931 DROP R1 00090600
000000 932 USING DATAITEM,R2 00090700
000618 47FC C64C 00652 933 B BYBINARY 00090800
00061C 935 BINARY  EQU  * 00091000
00C61C 1861 936 © LR R6,4R1 00691100
0D061E 4140 CCG4 00004 937 LA Ré 94 LOOP COUNT. 00091200
000622 4150 CG60 00060 938 LA R5,96 INCREMENT 00091300
000626 4125 C672 00678 939 LA R2 4y SORTED=12(R5) INITIAL COMPARISON (MID-POINT). 0009140C
00062A 8850 0001 00001 940 BISEARCH SRL  R5,1 HALF LENGTH OF INCREMENT. 00091500
00062E D505 2000 6G00 00000 00000 941 CLC  MANNUMBR yMANNUMBR-DATAITEM(R6) IS THIS THE ITEM ? 00091600
000634 4780 C646 0064C 942 - BE FOUND YES, RETURN. 060917G0
000638 4740 C638 0063E 943 BL LOW NO, SEARCH BACKWARDS IN TABLE. £0091800
00063C 1355 944 LCR LCR  R5,R5 % % % % REFERRED TO IN QUESTION 4.  0009190C
00063E 1A25 945 LOW AR R2,R5 GENERATE NEXT COMPARE ADDRESS. 00692000
$00640 1055 946 LPR  R5,R5 00092100
002642 4640 C624 0062A 947 BCT  R4,BISEARCH CONTINUE SEARCHING. 00692200
000646 41F0 0004 00004 948 NODENTRY LA R15,4 ENTRY NOT IN TABLE, ERROR RETURN. 00092300
00G64A OTFE 949 BR R14 000924GC
20064C 1812 950 FCUND LR R1,R2 00092500
00064E 1BFF 951 SR R15,R15 00092600
00C650 OTFE 952 BR R14 0C0927060
-
8 954 *GEEELEGEEEGEEEEGEEGEE6EGEEEE6660E666ELE6666GE6EEELEEEEEELEE6E66686686888 00092900
955 * THIS CODE TESTS THE BINARY SEARCH ROUTINE ON THE PRECEEDING $0093000
956 * PAGE. IT TRIES TO LOCATE TWO ITEMS, ONE OF WHICH IS IN THE 00093100
957 * TABLE, THE OTHER OF WHICH IS NOT IN THE TABLE. 0C0932C0
958 *EEEEEEEEEEEELEEEEEEEELEEEEEEE66EEEGE66EEEGEE66EEEGGEEEEE6LEEE6686666666 00093300
000652 4110 C672 00678 959 BYBINARY LA R1yBINARY1 ADDR. OF ARGUMENT TU LOCATE. 00093400
000656 45EQ C616 0061C 960 BAL  R144BINARY 00093500
0CO65A 4TFF (658 0065E 961 B %44(R15) 0UU9360G
00065E 4TFC C65E 00664 962 B %46 00093700
000662 000C 963 oC HY12¢ DUMP IF NOT FOUND. 0C09380C
G00664 4110 C678 - 0067E  G64 LA R1,NOTINTAB ADDR OF ARGUMENT WHICH IS NOT IN THE 0093900
000668 45E0 Cb16 0061C 965 BAL  R14,BINARY TABLE. 00094000
00666C 4TFF C66A 00670 966 B *44(R15) 0009410G
00067G 000D 967 oC HE130 TAKE A DUMP IF [T THINKS IT FOUND IT. 0009420C
©C0672 270C 968 NOPR  © 00094300

000674 4TFC C732 00738 969 B B INARYOK 0009440C




LEL

Lac

cooe78
CO067E
C00684
000690
C0069C
CQ06A8
000684
0coecoe
coceécce
0006D8
C006E4
00C6F0
CO06FC
000708
500714
0007290
02072C
09C738
000738

BINARY SEARCH ROUTINES.

NBJECT CODE ADDR1 ADDR2

F2F6F4F8F3F3

FS5F5F5F1F2F1

FOF1FOF4F3F8E64C
FOFOF8F6FTF3C44C
F1F2F1F3F4F8E64C
F1F4F6FTF9F2C440C
F2F6F4F8F3F3C440
F2FT7F6F5F9F9E640
F3F3F3F4F8F2C440
F4F1F3FTF3F3E640
FS5F5F1F7F8F3C440
FSFOF9F4F5F2E640
FO6FTF8F9FLF2C440
FT7FTFLF5F3F2C440
FBFCFOF3F2FCE640
F8F8FOF9F3F2C440
FOF1FOF2F3F4C440

STMT

971
972
973
974
975
o776
917
978
979
380
981
982
983
984
985
986
987
988
989

991
9g2
993
994
965
996
997
998
599
1C0C
1001
1C02
1C03
1G04
1C05
1006
1007
1008
1009
1010
iCc11

SOURCE STATEMENT
BINARY1 DC C'264833"
NOTINTAB DC C'555131"
SORTED  OC cL12*040438W* gy
DC CL12'098673D"t -1y & SEARCH ROUTINE ON THIS AND THE
DC CL12'121348W'3 % & PREVIOUS PAGE...
DC CL12%146792D'¢ b
DC CL12'264833D"¢ W
DC CL12'276599W % &
DC CL12'333482D'F 1
M DC CL12'413733W"{ &
DC CLL2'551783D'4 %
DC CL12'599452W"l
DC CL12'678912D "}
DC CL12'771532D'h
DC CL12'8C0320W*'B
DC CL12'880932D'M4
DC CL12'910234D'(S
SORTEDND EQU  *
BINARYOK DS OH
s s desge o e el ok ol sk koo ok SR ROk Rtk e ook ok
* ANSWER THESE QUESTIONS ABOUT THE CODE AND BINARY TABLE
* ON THE PRECEEDING PAGES.
* 1. HOW MANY COMPARISONS MUST BE MADE TO LOCATE MAN # 098673 ?
%
* 2. WHAT IS THE MAXIMUM NUMBER OF COMPARISONS THAT WwOULD BE
% MADE TO FIND ANY ENTRY IN THE TABLE 22
= 3. WHAT wWOULD BE THE ADDRESS IN REGISTEK 2 THE THIRD TIME
* THAT WE EXECUTED 'BISEARCH',
® MAN NUMBER 800320 ?7?
*
® 4. HUW MANY TIMES WILL WE EXECUTE THE
* SEARCHING FOR MAN NUMBER 264833 27
*
skkskxx%x WHEN YOU HAVE REACHED THIS POINT,
® YOUR "ANSWER CUE".

313k st e sk ko SR AR oK S R R R R R R koK R R R ROk

EEE B EEEEEEEEEEEEEEEEEEEELELEEEEEEERE
& THIS IS THE TEST DATA AND THE
& BINARY TABLE USED BY THE

LB EEEE R B GG EEEEEEEEEELEEELELEEEEREEER

IF WE WERE SEARCHING FOR

INSTRUCTION WHEN

DISPLAY THE YELLOW SIDE OF

Sk ok kR R K KK

PAGE 29

9/16/70

00094600
00094700
00094800
00094900
00095G0C
000951090
C0095200
00095300
00095400
CCL95500
00095600
0C095700C
00095800
CC095900
c009600C
00096100
00096200
0009630¢C
C0096400

00096600
00096700
00096800
00096900
G0097000
00097100
006097200
00097300
00097400
C0097500
000976C0
00097700
00297800
00097900
0G098000
00098100
06098200
00098300
0009840C
00098500
00098600




BINARY SEARCH ROUTINES. ) PAGE 30

LOC OBJECT CODE  ADDRL ADDR2 STMT  SOURCE STATEMENT FOBAPRTO  9/16/70
, 1013 skt ek oo e e oo s e ofe adefe e e ofe ke e o e e et ok e ek ook e % i e e sk e e ol ek ok kool ok ok ook kR Rk ok ok ok Rk k%% 00098800
1014 * 00098900
1015 * ANSWERS FOR THE BINARY SEARCH ROUTINE. 06099000
1016 * 00099100
1017 * 1. THERE WOULD BE THREE COMPARISONS MADE. 00099200
1018 = 00099300
1019 * 2. NO MORE THAN FOUR COMPARISONS. 00099400
1020 * 0583 E0 00099500
1021 * 3. 'YSORTED'+X'9C' OR X' ', 00099600
1022 * 00099700
1023 * 4. THE 'LCR' WILL BE EXECUTED TWICE. 00099800
1024 * 00099900
1025 koo s koot o i ok ok o e e ai e ok e e e e e e e 3¢ o e ok o e e ok etk o e e ook e o e e ofe e e e sheofe i e ol Xk ok ko ok ok ek kkkkk 001 C00C0
000738 58DD 0004 00004 1027 L R13,4(R13) 00100200
00073C 98EC DOOC 0000C 1028 LM R14,R12,12(R13) 00100300
000740 OTFE 1029 BR R14 00100400
C00T44 1030 SAVEAREA DS 18F 00100500
1031 END 00100600
©00790 0C000G00 1032 =V(PCHKRETN)
000794 000100180002 1033 =HT 19249 2"
00079A 00BA 1034 =H' 186"

a 00079C 0006 1035 =H' 6"

N




€el

PNS.1D

o1
01
01

REL.ID
01
ol
02

FLAGS

(o] @
oC
1C

ADDRESS

000128
000C38C
000790

RELCCATION DICTIONARY

PAGE 1

9/16/70




SYMBOL

ADSERIAL
ALRDYIN
AREANMBR
ARRAYOK
ARRAY3D
BINARY
BINARYOK
BINARY1
BISEARCH
BLANK S
BRANCH#
BR14
BYSINARY
CHATNDLN
CHAINPTR
CHAINS
CHAINTST
NATAITEM
DIRECT
DIRECTAB
DIRECTOK
DIRECTSH
DIRECTST
DIRECTS2
~ DOUBLE
NUPE
ENTER
FOUND
FUNCTION
F20
£200000
HASHIT
HASHT AB
INDICATR
INSERT
INSERTLP
I TEMLEN
ITEML
ITEMLA
ITEM2
ITEM24A
[TEM3
ITEM3A
LCR
LaopP
Low
MANNUMBR
NEXTITEM
NOENTRY
NOTINTAB
NXAVATL
POINTER
RETURNC
RETURNS
RC

LEN

00012
00004
00002
Goodl
CCGC2
CadC1
GiCCz
00006
CoCo4
000601
00003
00002
0C004
C0001
¢ocCl
023CcC1
00002
20C01
0J3CC4
00012
2000z
07C04
20002
nJ32Ce6
jagegozs}:]
C0Co4
GCoCe
[steJels i
QGCo6
30C04
00004
0g08c2
C0004
00001
30004
0000C6
Cd001
00012
coo12
cdllz
00012
C001¢
CoClz
00002
000C6
00C0z
000Ce6
00001
0No04
cgcoe
000C4
C2Co4
00302
0CCC4
Coco1

VALUE

oco12cC
00C178
GCooov
0cc6els
00C480
0Goe1lC
u0C738
00C678
OCGE2A
00018C
GuGGo9
00G028
00G652
0COGCF
[FIeIvYeteios
¢G03B8
0C0434
GCu000
u00298
0GC19A
uG030C
0CC1TE
oCilal
00Cl46
GCC29¢
CoC380
00535C
cloo4l
0C000%e
0occl8s
000430
000310
oCC39C
000Cu6
CClC2E
U00032
occocc
OCCZE2
000409
JUL2EE
000415
CCC2FA
JCC421
20063C
0C033E
COse3E
00CCa0
CSC00C
000646
aoleTe
col38C
cccl28
0Cl056
oJL05A

vlvvbu

DEFN

00196
G038C
00083
00853
00799
00935
05989
00971
00940
00391
COOR4
00033
00959
00637
00636
50634
00€49
0079
00401
00394
G462
00383
00364
CG366
C0395
20627
Go618
0095¢C
6Gesl
0039C
00642
0G598
00632
ccos2
00144
00145
00036
0C 422
20639
00423
00640
0424
Gob4l
00944
00611
00945
00080
0085
00948
30972
00631
00195
CC153
Q0155

00004

REFERENCES

0174
0376

0815

0960
0969
0959
0947
0375

Co31
0933
0623
G613
ce631
0537
2086
0362
0374
0419
C417
0402
0384
0366
0612
0610
0942

0369
c602
0651
0604

c175
0149
0l15¢C
0401
0650
0406
0655
0411
066C

0608
0943
0145
cosé

0964
0618
Cl48
0163
Cla6
C368

0965

0032

Cé6ia

014l

0407

Cc367

C656

c180

c392

0617
cl62
Cl47
Cc619
C152

c167
c368

CROSS—REFERENCE

C622

C150

0412

C599

c661

0621

0366
0151

G624
0165

0369

0622

€159

[«
o
<
(e

0666

063¢€

0375
0le4

037¢C

0611 0621
0637

0392 0418
0371 0373

0636 (932
0599 0611
0377 0Qe6ul

0941

0611

0601

0941

Q6C2

0941

06C3

C605

PAGE 1

9/16/70




CROSS-REFERENCE PAGE 2

SYMBOL LEN VALUE DEFN REFFERENCES 9/16/710

R1 J00¢1 OCCCOLl 0GCCS 0145 0150 0159 0161 0164 0165 0174 0179 0185 0365 0367 C370 0372 €373 0374
0374 C4C1 0406 0411 0416 0598 0600 0606 0607 0607 GC615 0616 0616 C620 0650
0655 (C66C 0665 0797 0799 (0804 0808 0812 0931 0936 095G 0959 0964

R10 00001 0C00J0A 0CO14 0803 (0807 0811 0812

R11 08001 COCCIB GGO15

R12 NCGC1 0CO00C 00016 0020 €021 0022 1028

P13 00CC1 OCL0CD CGel7 002C 0024 ©0GC25 0026 0027 0G27 1027 1027 1028

R14 00001 OuGCOE 06018 0020 ©$033 0154 (156 C175 0180 0184 0379 0381 04C2 (G407 0412 G417 0626 0628
0651 (0656 0661 0666 (0949 0952 0960 0965 1C28 1029

R15 C2001 CCCGUF GO019 C023 G024 0025 0026 C©C3C 0031 0141 0144 0147 0148 0151 0l52 0153 0153 0155
0157 Q0176 0181 0364 0364 0377 0378 0378 0380 0383 (€403 (€408 0413 0604 0605
C606 C6C9 0609 0613 0618 0619 0620 0623 0623 0624 0625 0625 0627 03652 0657
0662 C&67 €806 08C1 ©C802 (8C3 0804 0805 0806 0807 ({808 (8G9 08lC €810 811
0948 (€951 (€951 ({961 0966

R2 CO0C01 0CCul2 00006 0365 392 (€598 <(C611 0621 (0799 0800 (G932 (€939 (0945 0G50

R3 J0001 CCGOC3 GdceeT

R4 00001 GCCCu4 GCCOos G937 (947

R5 G2CC1 OCUCO5 0GCC9 0638 0639 0940 (0944 0944 0945 0946 (S46

R6" 00G01 0CGG06 L0010 0936 (941

R7 00C01 GOLO0T CU011

R8 03001 OCOC08 00012

rQ 000yl wcLCl9 CCO013

SARGUMNT CCO006 0C{C138 00197 0162 12185
SAVEAREA CCGQ04 C0JT744 G1C30 coz23
SEARCH1 52006 0CC306 (Gr425 0416 (418
SEARCH2 00006 (00403 0JUé38 0665
SELECT N0G06 Ululs2 00392 C377
SERIAL 00001 CoCleu Q0160 C1l84
SERTALLP 0JO2i6 CCOC64 00162 Cle66
SERTALOK OCOCZ CCCl3E CO198 0186
SORTED 00012 Gui684 C09T73 0939
SORTEDND 00001 (GCC738 (0988

geL

STORAGE CO001 00CG0O0 CO002 0140
TABLE €JC12 C&CUCBC 00189 0144 0161
TABLEMPT 00012 CCOUEC 00194 0195
TEMPERTR (00C2 0OCCl4BC 00816 0803
TESTCODE COCC4 CCOCTE 00174 0142
TESTDATA 00012 CG00C8 OU191 0179
WORD COCJ04 000388 0G063C 0614 0615

NO STATEMENTS FLAGGED IN THIS ASSEMBLY

*STATISTICS* SOURCE RECGORDS (SYSIN) = 1006 SOURCE RECORDS (SYSLIB) = 25

*0OPTIONS IN EFFECT* LIST, NODECK, LOAD, NORENT, XREF, NOTEST, ALGN, GS, LINECNT = 55
1152 PRINTED LINES




9el

F44~LEVEL LINKAGE EDITOR OPTIONS SPECIFIED MAP,LET,LIST,NCAL

VARIABLE OPTIONS USED ~ SIZE=(45056,6144)~ DEFAULT OPTION(S) USED

1EWO0000 ENTRY UTILITY
MODULE MAP
CONTROL SECTION ENTRY
NAME ORIGIN LENGTH NAME LOCATION NAME LOCATION NAME
STORAGE 0C 19E
UTILITY 7A0 5A0
PRINT 802 PCHKRETN ASE

ENTRY ADDRESS TAQ

TOTAL LENGTH D40
*%%x%G0 DOES NOT EXIST BUT HAS BEEN ADDED TO DATA SET

LOCATION

NAME

LOCATION




LEL

SSSSSSSSSS TTTTTTTTITTTT (0O0O0CO00NO0000 RRRRRRRRRRR. EEEEEEEEEEEE TITTTTTITITTY AAAAAAAAAA
SSSSSSSSSSSS TTTTTTTTITIVTT 000000000000 RRRRRRRRRRRR  EEEEEEEEEEEE TTITTTTTUTTITT  AAAAAAAAAAAA
SS SS 17 ae 00 RR RR EE T AA AA
SS 17 00 00 RR RR EE 1T AA AA
SSS 7 00 00 RR RR EE - TT AA AA

SSSSSSSSS 17 00 00 RRRRRRRRRRRR EEEEEEEE TT AAAAAAAAAAAA

SSSSSSSSS T7 00 00 RRRRRRRRRRR EEEEEEEE T AAAAAAAAAAAA
SSS 1T 0g 00 RR RR EE T AA AA
SS 17 00 00 RR RR EE T AA AA
SS SS 17 ao 00 RR RR EE 1T AA AA
SSSSSSSSSSSS 1T 000000000000  RR RR EEEEEEEEEEEE - T AA AA
SSSSSSSSSS T7 000000000000 RR RR EEEEEEEEEEEE T AA AA

9999999999

999999999999

99 99

99 99

99 99

999999999999

999999999999

99

99

99 99

999699999999

9999999999
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EXTERNAL SYMBOL DICTIGONARY
SYMBOL TYPE ID ADDR LENGTH LD ID

DIRECTTA SD 01 000000 00CO21C

-
w
o«

12.13

PAGE 1
9/17/70




6€L

Loc

000000
€00000
000004
000006
000006
00000A
00000E
500012
200014

OBJECT COLE

9CEC DUCC
05Co

41F0 CI1CE
50DF 0004
50FD 0CO8
18DF

ADDR1 ADDR2

0000C

001D4
00004
00008

D703 DCC8 DGO8 00008 GO008

STMT

OVONCVPHWN-

SOURCE STATEMENT

DIRECTTA CSECT

T3

STM
BALR
USING
LA

ST

ST

LR

XC

R144R12412(R13)
R12,0

*94R12
R15,DIRECTSV
R1344(R15)
R15,8(R13)
R13,4R15
8(4,R13),48(R13)

FO8APRTO

SAVE CALLER®S REGISTERS.
SET UP MY BASE.

ADDRESS OF MY SAVE AREA.
CHAIN SAVE AREAS.

TERMINATE SAVE AREA CHAIN.

STANDARD SAVING CONVENTIONS COMPLETE.

PAGE 1
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00000100
00000200
00000300
00000400
0000050C
00000600
00000700
00000800
00000900
000010C00




5

Loc

STORAGE AND RETRIEVAL TROUBLE ANALYSIS PROBLEM 1.

OBJECT CODE ADDR1 ADDR2 STMT

SOURCE STATEMENT

* STORAGE &

3 3¢ 3¢

X mmm———— o —

FOBAPRTO

B L T PR L P

RETRIEVAL T/A PROBLEM 1. *
- %

SRR A R R R R R R R R R R R R A R R R R R K

R S R R R R i o o o S o R e R SR RS R R R E R R TR P

E'S

* THIS ROUTINE CHAINS 12-BYTE ITEMS INTO A TABLE USING THE

* DIRECT STORAGE TECHNIQUE. IT USES 'HASHING' TO LOCATE THE

* ADDRESS CF THE CHAINING POINTER. IT PERFORMS MODULO DIVISION
* OF THE ARGUMENT BY 20, WHICH GIVES IT AN ADDRESS IN 'HASHTAB',
* WHICH CONTAINS PCINTERS TQ THE CHAINS OF SYNONYMS,

* UNFORTUNATELY, THIS PROGRAM DUESN'T APPEAR TO HAVE WORKED AS
* IT WAS INTENDED. YQUR J0OB, SHOULD YOU DECIDE TO ACCEPT IT,

* IS 7O FIND THE ERROR IN THE PROGRAM OR THE DATA THAT MADE

* THE PROGRAM FAIL. AS ALWAYS, SHOULD YOU BE CAPTURED OR

* KILLED.ss o

* THIS IS THE TABLE USED IN THE PROGRAM.

3

* 'HASHTAB" *CHAINS?®

* L + + + +

* | + + >12000GCI DATA ITEM | $m———t————D+

* fm——————— + + + + + |

* 1000000001 t———— >14G00091 DATA ITEM |00GOQOCCCH

* to——————— + 1 e + + +

* | ot ——— ) >18CC0021 DATA ITEM J00000GCO] !

* tm——————— + | + + ———+ + \'

* 100C00000 | i 16C00C0Ol DATA ITEM |CCO00COC <=+

* pm——————— + i + + + + (POINTS TO
* 100000300 | 1 +==>1 | THE START
* tm—————— + | { + + 0OF THIS
* 11023 )) 1 i | ( FREE AREA ) I LINE.)

* coeeeeedt | | + +

* $ommmmeee + For !

* | B e % S | |

% e + i : !

* 10CC000001 | 111)010030000)0))0000000)))3)))

* fm——————— + | ceoeooeooooeooooooooooroeeenoct

* IR R ERRERD] ! + +

* ceoeeoeeot 1

* pm—————— + d

* i

* i

*(ADDR. |

*0F 1ST +

*UNUSED

*BYTE IN 'CHAINS'.)

*
*
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00001300
0C0014060C
00001500
00001600

0co0180C0
0co00190C¢C
00060200C
0000210¢C
000C2200
00002300
0C00240G0C
0C002500
0Cu02600
0G0027CC
000062800
00202900
00G03000
000031C0O
0Cco032c0
00003300
000G340C
00C03500
00003600
0GC03700
000C38L0
00063900
00CC40CC
00CG4100
00004200
00004300
00004400
00004500
0000460C
0000470C
00C048C0
006GU490U
00C05CG0
C000510C
GC005200
0C0053CC
C0005400
GC0055G0
00005600
0C005700
00C05800
00005900
00d0600C
oodcel0C

Hb b+ttt ettt ttttt ittt tttttttittttitttttittttbtttt bbb+ 4+4++4++ 00006200




STDRAGE AND RETRIEVAL TROUBLE ANALYSIS PROBLEM 1. PAGE 4

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FO8APRT70 9/17/70
000000 64 RO EQU 0 G00C6400
000001 65 R1 EQU 1 00006500
000002 66 R2 EQU 2 000066G0
000003 67 R3 EQU 3 00006700
000004 68 R4 EQU 4 00006800
CC0005 69 R5 EQU 5 0000690C
000006 70 R6 EQU 6 00C07G00
000007 71 R7 EQU K 00007100
000008 72 R8 EQU 8 00007200
000009 73 R9 EQU 9 00007300
00000A 74 R10 EQU 10 000074CO
000008 75 R11 EQU 11 00007500
00000C 76 R12 EQU 12 00007600
00000D 77 R13 EQU 13 G0007700
C0000E 78 R14 EQU 14 00007800

CO000F 79 R15 EQU 15 00007900




t44)

CHART DIRECTTA
PAGE 0Cl1 OF 001
HASHM AN #
koo A 2 ok ko kok ok
Aokt A ] ok ok & ok * CONVERT MAN *
* START DIRECT * * NUMBER TO AN *
% TABLE STORE % -=—=—=—-— >*ADDRESS IN THE *
* ROUTINE. * % HASH TABLE. *
A % *
etk ook ok ok k% K
v YES
¥, ENTER oX, NOE NTRY
B2 %, B3, Aokt K B 4o OO K KK
o *, X *, * * Ho KBS K kg kK
*" DOES A _ %*. NO L% SEARCH %, NO #ENTER THE ITEM * V¥  *RETURN, CODE = *
% CHAIN EXIST ? % —==————=>%, OPERATION ? % ————>-=>% [N THE TABLE. * —-—==+-=>%* 0. *
%, . A *, % * * * *
®, X *, & * * ook ok dokoRoR K K
*, ok *, % oo Rk KRR KK
* YES Hkkk *
* *
% B3 *
* *
Hkkk
v
LOOPIT CZO*.* DUPLICAT
ok *, Hook k03 d Aok kAR kK
«*% FIND THE *. YES *RETURN, CODE = x
D e il >% . ITEM ? *.* ———-—--): 4. :
® . o* Hok ok Rk KR kK&
*, o%
* NO
NO
o %, v
D1 %, Hk D2 wkA K AKK
Sk x, * *
YES *LAST IN THE*. * GET ADDRESS *
+-— %, CHAIN ¥ L===C=——= *0F NEXT I TEM IN%*
*o ¥ * THE CHAIN. *
*, . * *
*, % ok ok ok ok R
P *
x *
% B3 *
® *




LoC

00001A
000000
00001E
000020
000026
00002A
00002C
000030
0C0034
000038
00003A
00003E
000040
000044
000048
00004C
000052
000056
00005A
000060
000064
000066
00006A
00006E
0600072
000078
00007C
00007E
000084
00008A
00CO08E
000092
000094
000096
00009A

eVt

00009C
00o08¢C
000090
0000AQ
0CO00A4
0000A8
0000F8
000143
000149
000155
000161
000160
000170
€00178

STORAGE AND RETRIEVAL TROUBLE ANALYSIS PROBLEM 1.

OBJECT CODE

4TF0

1821
F275
4E1C
1800
5D00
8900
4150
1A50
5815
1211
4770
4155
47F0
D505
4780
4150
D202
5810
1211
477C
9180
4710
D202
5850
1815
D20E
D702
41F0
50FC
1BFF
O7FE
41F0
OTFE

00

ADDR1
Cl7A
Cl72 1000 00178
Cl72
Cle6A

0002
COA2

00000

000Al

0d09C

C09F 006C00

2000
500C

00000
coooc

000300
Q0000000
000000F8

00000000C00CG000OC
404040404C404C40
F4FCFOFOFCFL
F8FOFOFOFOF1E6F1
F6FOFOFOFCF6C4F3
F4FCFOFOFOF1C4F9
00C0Q0

00000014

ADDR2

00180

00000
00178

00170
00002
000A8

00000

0004C
00001
0006A
00600
00096
00cocC
0o0o0ocC
000AC

0004C

00092
000A5
000A4

00000
0000C
0000F
000A4

00004

STMT

119
120
121

123
124

126

127
128

SOURCE STATEMENT

HASHMAN#

LOOPIT

ENTER

NOENTRY

DUPLICAT

FLAG
SEARCH

WORD
NXAVAIL
HASHTAB
CHAINS
SEARCH2
ITEM1A
ITEM2A
ITEM3A

F20
DOUBLE

B
USING
LR
PACK
CvD

CHAINTST
DATAITEM,yR5
R24R1
DOUBLE0(64+R1)
R1,DOUBLE
RO4RO
ROsF20

ROy 2
R5+HASHTAB
R54R0O
R1,0(R5)
R1,4R1
LOOPIT
R5,1(R5)
ENTER

FO8APRTO

BRANCH TO THE TEST CASt CODE.

CONVERT THE MAN NUMBER TO AN ADDRESS
USING MODULO DIVISION BY
20.

ADDRESS OF THE HASHED ADDRESS TABLE.
ADD THE HASHED DISPLACEMENT.

GET THE CHAIN PTR, IF SUCH EXISTS.
CHECK FOR THE EXISTENCE OF A CHAIN.
YES, SEARCH FOR END.

NO, FAKE THE ADDRESS NF A CHAIN
AND GO ENTER THE ITEM IN CHAIN.

PTR.

MANNUMBR yMANNUMBR—-DATAITEM(R2) SEARCH FOR THE ITEM.

DUPLICAT
R54CHAINPTR

WORD+1(3),CHAINPTR

R14WORD
R14R1
LOOPIT
FLAG,SEARCH
NOENTRY

0(34R5)4NXAVAIL+1

RS54 NXAVAIL
R1,4R5

DATAITEM(ITEMLEN),C(R2)

DUPLICATE FOUND, EXIT.

GET ADDRESS OF NEXT ITEM IN CHAIN.

IS THERE ONE ?

YES, CONTINUE.

IS THIS A SEARCH OPERATION ?
YESy DON'T INSERT THIS ONE.
INSERT CHAIN POINTER.

INSERT THE DATA ITEM IN CHAIN.

CHAINPTR(3),CHAINPTR ZERO THE CHAIN POINTER.

R15,NEXTITEM
R15,NXAVAIL
R154R15

R14

R15+4

R14

X'or
xT8Q"

Fror

A(CHAINS)
20F*Q?

LEI
C'4000C1L"
C'8CC0OC1WL12345"
C'600006D32568°*
C'400C001D98765!

Fr20
b)

POINT TO NEXT FREE SPACE IN TABLE.
RETURN CODE = 0O, NORMAL RETURN.

RETURN CCODE = 4.
DUPLICATE, SET ERROR RETURN CODE.

O GEELEEEELELELEEEELEEEEELEEEEEEEEE

& TABLES, CONSTANTS AND TEST DATA &
& USED BY THE DIRECT STORAGE &
& ROUTINE. (SYNONYM CHAINING &
& VARIETY). &

GEEEELEEEEEEEELEELEELEEEELEEEEEEELESE
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00008100
00008200
00008300
00008400
00068500
00008600
00008700
00008800
0C008900
Q000900¢C
00009100
€0009200
00C09300
00GC9400
C0009500
00009600
00o0c9700
00009800
00009900
0C01C000
00010100
00010200
00010300
00010400
00010500
00010600
00010700
0ool1080C
cool1090¢C
0C011000
00011100,
00011200
00011300
00011400
00011500

0C01170C
ocolisoc

0CC11900
G001200¢C
00012100
00012200
00012300
0CCl2400
C0012500
C0C12600

00012700
0001280C




STORAGE AND RETRIEVAL TROUBLE ANALYSIS PROBLEM 1. PAGE 6

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FO8APRTO 9/7/17/70
130 *CEEGEEEEEEEELEEEEEEEEGEEEEEEEEELEEEEEEEEELEEEELEEEEELELELELELEERELERERE 00013000

131 * THIS CODE TESTS THE CHAINING EXAMPLE. IT ADDS THREE DATA 00013100

132 * ITEMS, ONE OF WHICH IS A SYNONYM, AND IT RETRIEVES ONE OF 00013200

133 * THE ITEMS JUST ADDED. 00013300

134 *EEEGEEEEGEEEEEELELEEEEEEEEEEEEELELEEGEEREEELEEEEEEELEEEEELEREEEEREEEEE 00013400

000180 135 CHAINTST DS OH 00013500
00C18GC 411C Cl43 00149 136 LA R1,ITEMLA FIRST ITEM TO BE ADDED. 00013600
0002184 45E0 CO18 O0CO1E 137 BAL R14,HASHMAN# C0013700
C00188 47FF Cl86 0018C 138 B *+4(R15) 00013800
£0018C 47F0 Cl8C 00192 139 8 *+6 00013900
£20019C 0007 140 DC H* 7Y ‘DUMP IF INSERTION FAILS. 00C14C00
000192 4110 C1l4F 00155 141 - LA R14ITEM2A SECOND ITEM TO BE ADDED. 00014100
000196 45EC CCl8 0001E 142 BAL R14 yHASHMAN# 00014200
00019A 47FF Cl198 0019F 143 B *+4(R15) 00C1430¢C
CO019E 47F0 C19E 001A4 144 B *+6 00014400
0001A2 0008 145 bC HT 8¢ DUMP IF INSERTION FAILS. 00014500
0001A4 4110 C158 Golel l46 LA R1,ITEM3A THIRD ITEM TO BE ADDED (SYNONYM),. 00014600
CCO1A8 45EQ CO18 0001E 147 BAL R144HASHMAN# 00014700
COC1lAC 47FF CLAA c0180 148 B *+4(R15) 00014800
0CC1BO 47F0 C1BO 00186 149 B *+6 00014900
CCO1R4 0009 150 DC HYQt DUMP IF INSERTION FAILS. 00015000
N001B6 9680 C096 0dCaC 151 nI FLAGySEARCH SET SEARCH OPERATION INDICATOR. 000151C0O
CCO1BA 4110 C13D 0C143 152 LA R14SEARCH2 ITEM TO BE LOCATED 00015200
0CO1BE 45E0 CC18 0001E 153 BAL R144,HASHMAN# 00015300
E 0001C2 4TFF C1CJ 001Ce6 154 B *+4(R15) 00015400
0G01C6 0GOA 155 DC HY'1C?Y DUMP IF NOT FOUND 00015500
0Go1C8 0700 156 NOPR O 00015600
CCO1CA 58DD CCO4 09C04 157 L R13,4(R13) 00015700
COC1CE 98EC DGuC Qgooc 158 LM R144R12,12(R13) 006015800
000102 O7FE 159 BR k14 00015900
000104 160 DIRECTSV DS 18F 00016000
000000 162 DATAITEM DSECT 00016200
c00000 163 MANNUMBR DS CcLé6 00016300
000006 164 FUNCTION DS cLé 00C1640C
co000C 165 CHAINPTR DS CcL3 00016500
CCOO0OQF 166 NEXTITEM DS ocC 00016600

20000F 167 ITEMLEN EQU NEXTITEM-DATAITEM 00016700




143

POS.ID

01

REL.ID

01

FLAGS

o]

ADDRESS

0000A4

RELOCATION DICTIONARY

PAGE 1

9/17/70



CROSS—-REFERENCE PAGE 1

SYMBOL LEN VALUE DEFN REFERENCES 9/17/70

CHAINPTR 0C003 GOGOOC CC165 0098 C099 0109 0109
CHAINS C0001 0000F8 CO1l22 0120

CHAINTST 00002 00C180 00135 0081

DATAITEM 0CGUul 000000 CClé2 0082 G096 0108 Cl67
DIRECTSV 00004 G0OLlD4 CU160 0005 :

DIRECTTA 00001 00GCUG 00001

DOUBLE 000C8 00C178 00128 0084 0085

DUPLICAT 00004 000096 00114 cGC97

FNTER 00004 00CO06A 00103 0C95

FLAG 000Gl 00009C 00117 0103 0151
FUNCTION 00006 (00006 0Glé4
F20 C0004 00CL170 00127 0687

HASHMAN# 00062 GGOJGLE 00083 0137 0142 Q0147 C153
HASHTAB 00004 0CG0OA8 00121 0089

ITEMLEN 00001 OGOGOGF 00167 0108

ITEM1A 00012 00C149 00124 0136

ITEM2A 00012 000155 00125 0l41

ITEM3A C0012 000161 00126 0146

LOOPIT GOCO6 (GOCC4C 00096 €093 0102
MANNUMBR 00006 GGOGOO0 CGCle63 0096 009¢
NEXTITEM CO0O01 CuCCGF 00166 0110 0167
NGENTRY C0OCOz CGCCC92 00112 0104

NXAVAIL GO004 000CA4 00120 C105 0106 0111

RO 00001 0CGGO0 0OCCe4 0086 (086 0C87 0C88 0G9C
& R1 00001 000001 0CC65 0083 0084 0085 (©C91 0C92 0092 0100 0101 01061 0107 0136 0l4l 0l46 0152
@ R10 00G01 GOGGCA 00C74

R11 00001 0COGOB 00075

R12 00001 CCOOCC 00076 0002 0003 00C4 C158

R13 00001 COCGOD 00077 0002 0006 0GO7 €008 0009 0009 0157 0157 0158

R14 00001 COGGOE 00078 0002 C113 0115 0137 (142 0147 0153 0158 0159

R15 00001 GOGOOF GOO079 0005 00C6 €007 0008 0110 O0l1l1 Oll2 0Ol12 Oll4 0138 0143 0148 0154

R2 00001 C0C002 00066 0083 (096 0108

R2 00001 0005C3 00067

R4 00001 0G0004 COO068

RS 000Ul 0GGGO5 G0069 0082 0089 0G90 0091 0094 0094 0C98 0105 0106 O0lo7

R6 00001 000006 $GOTO

R7 00G01 000CC7 00071

R8 00001 CGCUC8 00072

R9 00001 005009 0GC73

SEARCH 00G01 0GCC80 00118 0103 0151
SEARCH2 00006 C0C143 00123 0152
WORD 00004 GOOOAC 00119 G099 0100

NO STATEMENTS FLAGGED IN THIS ASSEMBLY

*STATISTICS* SOURCE RECORDS (SYSIN) = 182

*OPTIONS IN EFFECT* LIST, NODECK, LOAD, NORENT, XREF, NOTEST, ALGN, 0Ss LINECNT = 55
246 PRINTED LINES

‘ .




Ll

F44—LEVEL LINKAGE EDITGR OPTIONS SPECIFIED MAP,LET,LIST,NCAL

VARIABLE OPTIONS USED - SIZE=(45056,6144)- DEFAULT OPTION(S) USED
TEWQ000 ENTRY UTILITY
MODULE MAP
CONTROL SECTION ENTRY
NAME ORIGIN LENGTH NAME LOCATION NAME LOCATION NAME LOCATION
DIRECTTA 0o 21C
UTILITY 220 5A0
PRINT 282 PCHKRETN 4DE

ENTRY ADDRESS 220

TOTAL LENGTH 7C0
*xx%EGO DOES NOT EXIST BUT HAS BEEN ADDED TO DATA SET

NAME

LOCATION



F.P. RE

REGS 0-7
REGS 8-15

000000
000020
000040
C00060

064840
064860
064880
0648A0
0648C0
0648EC
064900
064920
064940
064960
064980
0649A0
C649C0
0649EQ
064A00
064A20
064A40
064A60

2 065020
-]

00.01C974

0000003C
0601D7BC

00000000
FFC40003
00001360
0C04000C

90ECDOOC
F275C172
4T770C046
5810C09A
500020050
00000000
00C0000G
000G00G0
F2F3F4F5
F6F500G0C
4C4C40F 4
F8F4FCFC
411CC143
C19E0CCs
CO1847FF
4TF0940E
4150501E
90ECDCCC

4ACC9BDE

00000000
40006A3E
08000000
600078BC8

G5CC41F0
100G4E10
41550001
12114770
D702500C
00G649565
G0GOC0G0
00000000
000CO0O0F6
0C404040
FOFGFOFO
FOFOF1C4
45E0COC18
411CC158
C1COCCCA
12334780
58FCGC10
05C004F0

40050000

0GC00000

00000000
FFA50001
00001358
00040000

C1CE50DF
C1721800
4TFOCO64
C0469180
500C41FC
00Cco000
00000000
00000000
FOFOFOFO
40404040
F1F8FCFO
FOF8F 7F6
4TFFC186
45E0CO18
070058DD
94261811
58F0OF C3C
C70041190

4TFO95C6

00.000000 02000000

00000000 00064983 00C0000C
00000000 0001D7D8 00000000

0000000